The Sustainability of Rice-Based Cropping Systems in Coastal Bangladesh: Bio-Economic Analysis of Current and Future Climate Scenarios by Kabir, Md Jahangir
  
 
 
 
 
The Sustainability of Rice-Based Cropping Systems in Coastal Bangladesh:       
Bio-Economic Analysis of Current and Future Climate Scenarios  
 
MD JAHANGIR KABIR 
MS in Agricultural Economics 
 
 
 
 
 
A thesis submitted for the degree of Doctor of Philosophy at 
The University of Queensland in 2016 
School of Agriculture and Food Sciences 
ii 
 
Abstract 
Agricultural sustainability is an issue of great significance for Bangladesh, especially in the 
vulnerable conditions of the south-west coastal region. This is the case both currently and in light of 
projected climate and salinity trends in the coastal region. The research reported in this thesis aimed 
to assess the current and future sustainability of rice-based cropping systems in the south-west coastal 
region and to identify options to improve the livelihoods and food security of coastal dwellers. To 
achieve this aim, the research sought to evaluate the contributions of rice and other crops to the agro-
economic viability (profitability and risk) of current cropping systems; to assess the implications of 
projected future climate and salinity for the economic viability of alternative cropping systems; and 
to explore the dynamics of farm-level adaptation to changes in climate and salinity.   
The farm household was taken as the basic unit of analysis and conventional techniques of farm 
management research (partial, enterprise, whole-farm, and stochastic budgets) were used, 
supplemented with the results of climate and crop simulation models to project economic viability in 
future scenarios. Tools from rural livelihoods analysis were also applied to the study of household 
adaptation strategies. Two contrasting villages in Dacope Sub-district were chosen for the research. 
In Shaheberabad arable land was widely used for rice and non-rice cropping, while farmers in Uttar 
Kaminibasia practised rice/fish farming in the wet season and brackish-water shrimp farming in the 
dry season. Four household types were identified – large, medium, small, and landless – to capture 
the range of circumstances within each village. A range of quantitative and qualitative techniques 
were used to collect data from these villages and household types, including group interviews, key 
informant interviews, household case studies, and household questionnaire surveys. 
Rice farming was the most important livelihood activity in the wet season in both villages, providing 
food, cash, and employment. In the dry season, the rice fields were used for a range of non-rice crops 
in Shaheberabad or for brackish-water shrimp in Uttar Kaminibasia. In addition, homestead 
gardening, aquaculture, and livestock rearing were undertaken, more in the first village than the 
second. Wage employment and/or self-employment activities were also integral to the livelihoods of 
most households. This diversification itself contributed to sustainability. 
The currently-practised rice/non-rice and rice-fish/shrimp systems were economically viable given 
typical seasonal yields and prices. However, seasonal variability in yields and prices affected the 
profitability of the cropping systems. The profitability of dry-season crops in Shaheberabad was 
frequently affected by climatic stresses (erratic rainfall and drought) and soil salinity, due mainly to 
inadequate access to freshwater irrigation. Likewise, the profitability of shrimp in Uttar Kaminibasia 
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was affected by climatic factors and variation in prices. Nevertheless, the major cropping systems as 
a whole faced relatively low risk of falling below benchmarks for economic viability, partly because 
of the increased productivity and stability of wet-season rice. 
Farmers perceived significant climate changes and analysis of local long-term climate data largely 
confirmed farmers’ perceptions. Farmers also perceived significant changes in the local environment, 
especially increased soil and water salinity. Households in both villages had undertaken a variety of 
farm and non-farm adaptation strategies. The collective initiatives of households, communities, local 
government, national government agencies, NGOs, and traders had facilitated the development and 
adoption of these adaptation strategies. However, farmers felt a need for increased research and 
extension to enable them to adapt to projected future conditions.  
Allowing for the many uncertainties inherent in the modelling process, the modelling results indicated 
that loss of crop production would be negligible under projected 2030 conditions for climate and 
salinity, even with farmers’ current practices. The effect of projected 2060 conditions was negative 
on dry-season and early wet-season crops but, allowing for farm-level adaptation (especially changing 
planting dates), the loss of production was more than offset.  
Overall, the bioeconomic modelling indicated that climate change in itself does not appear to pose a 
major risk to the sustainability of crop production and aquaculture in the south-west coastal region 
over the next 15-45 years. The combinations of wet season rice and shrimp or wet season rice and 
dry season crops (current and novel) were projected to be economically viable and risk-efficient in 
future climate scenarios. Some current dry-season crops such as water melon would drop out, while 
other such as pumpkin, along with potential new crops such as sunflower and maize, would likely 
come in, due to their higher returns and greater tolerance of environmental stress. Ongoing 
salinisation, though partly linked to climate change, represented a greater threat. While some adaptive 
measures have been taken, such as adoption of saline-tolerant crop varieties and changed crop 
schedules, regional investment in mitigation structures would likely have a high payoff. 
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INTRODUCTION 
 
 
The pursuit of sustainable agriculture is an issue of global importance. Though global agricultural 
production has outpaced population growth (Pretty 2005), there remains a formidable challenge to 
meet the increased demand for food from a growing population, expected to reach about nine billion 
by 2050, and to do so sustainably (Tilman et al. 2002; RS 2009; Godfray et al. 2010; Nelson et al. 
2010a; Tisdell 2015). The stresses on sustainable food production are being exacerbated through 
environmental degradation (decreased soil fertility, decreased availability of irrigation, increased soil 
erosion, coastal salinization, and inundation); climate change, including increased climate variability 
and extreme weather events (floods, droughts, and cyclones); pest, disease, and weed infestation; and 
growing competition for land, water, and energy. These constraints differ widely across regions but 
the developing countries of Asia and Africa are the hot spots in this struggle for sustainability 
(Harrington 1995; Tilman et al. 2002; Pretty 2005; RS 2009; Godfray et al. 2010; WB 2013b; IPCC 
2014a).   
Rural households in Bangladesh face this challenge of agricultural sustainability most acutely. 
Bangladesh encompasses a large deltaic floodplain of 147,570 sq. km and is one of the most densely 
populated agrarian countries in the world, averaging 976 persons per sq. km (BBS 2014a). The 
availability of arable land was only 0.05 ha per person in 2013 (WB 2016b). While agriculture 
contributed only 16% of national GDP and accounted for just 4.5% of export earnings in 2014-15, 
two thirds of the population is rural and the livelihoods of 77% of these rural households depend 
directly or indirectly on agriculture (BBS 2014a; BER 2015; WB 2016b). Moreover, agriculture 
continues to be the main source of the population’s food supply, particularly the all-important staple 
food – rice. Rice is the most widely planted crop, accounting for 78% of the agricultural area (BBS 
2014b). Due to impressive growth in yields over recent decades, the country is nearly self-sufficient 
in rice, but overall food imports have been steadily increasing, largely due to deficits in the production 
of wheat, pulses, and oilseeds (Mainuddin et al. 2011).  
The pressure on agriculture will become even more acute in the future. The total population is 
projected to increase from the current 159 million to about 179 million by 2025 and 202 million by 
2050 (WB 2016a). Meanwhile, the extent of arable land is declining; from 1983 to 2008, just over 1 
million ha of arable land was lost to non-agricultural uses, representing 5% of the net cultivated area 
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in 2008 (BBS 2014a). Yet Hussain (2011) estimates that an additional 8 million tonnes of foodgrains 
(rice and wheat) will need to be produced by 2030, and a further 14 million tonnes by 2050, compared 
to the base year (2005-6), in which 28 million tonnes were produced. The land use pattern in the 
traditional crop growing regions averages a 204% cropping intensity, indicating that there is little 
opportunity to increase crop production by increasing the intensity of land use in these regions (BBS 
2014b). Hence the government in its Sixth Five-Year Plan (2011-2015) has given special attention to 
increasing food production through increasing the intensity of land use in non-traditional crop 
growing regions, including the coastal zone, where the cropping intensity averages 175% (SFYP 
2011; BBS 2014b).  
However, a large number of studies anticipate that climate variability, climate change, and extreme 
weather events will pose increased risks for agriculture during the current century, especially in the 
coastal zone  (Agrawala et al. 2003; Huq et al. 2004; MoEF 2009; Roy et al. 2009; Yu et al. 2010; 
Nishat and Mukherjee 2013; WB 2013b; IPCC 2014b). Research suggests that a one-metre rise in sea 
level may displace 20-30 million people from the coastal zone. Moreover, vast areas of agricultural 
and non-agricultural land (17.5% of the total land area) are likely to be under sea or converted to 
brackish-water fish or deep-water rice cultivation by 2100 (MoEF 2009; WB 2013b; IPCC 2014b). 
Floods, cyclones, and storm surges may damage crops and infrastructure. In addition, soil erosion, 
drainage congestion, water logging, salinity intrusion, and scarcity of freshwater for irrigation are all 
likely to increase substantially (CCC 2007; MoEF 2009; Rawlani and Sovacool 2011; IPCC 2014b). 
Unplanned and unscientific over-exploitation of coastal natural resources for shrimp farming and 
other livelihood purposes may worsen this situation further (Bala and Hossain 2010). The land and 
water resources of the coastal ecosystem have already been depleted and are likely to be depleted 
further in future (Ahmed et al. 1999).  
Climate change and salinization are the two biggest challenges to sustainable agriculture in the coastal 
zone. Though obviously interrelated, they are partly independent phenomena; even in the absence of 
further climate change, salinity may go on increasing. Out of the total area of cultivated land in the 
coastal region (1,689,000 ha), about 1,056,000 ha or 63% is affected by various degrees of salinity. 
From 1973 to 2009, 223,000 ha of non-saline land became affected by salinity (SRDI 2012). Salinity 
intrusion will be further elevated during the current century due to sea-level rise (WB 2013b). Overall, 
the livelihoods of coastal dwellers – whether engaged in cropping, livestock rearing, aquaculture, or 
off- and non-farm activities – will be seriously affected by these projected changes in climate and 
environment (WB 2000; Hossain et al. 2010; WB 2013b; Habiba et al. 2014).  
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Furthermore, the adaptive capacity of coastal farmers is low. Most farms (84%) are small-scale, semi-
subsistence operations with limited resources (≤ 0.6 ha/farm), a high dependence on rainfall due to 
the scarcity of freshwater irrigation, little mechanization, and a low rate of adoption of stress-tolerant 
crop cultivars and other improved practices (MoEF 2009; BBS 2014b). They are also poorly served 
by physical infrastructure such as roads, embankments, and irrigation that might enhance their 
adaptive capacity. Yet this already-stressed sector is under considerable pressure to help meet the 
increasing food demand of a growing population (Ahmed et al. 1999; Faisal and Parveen 2004; Baas 
and Ramasamy 2008; Hussain 2011).  In addition, policymakers face a great challenge to safeguard 
the livelihoods of these coastal dwellers (Ahmed et al. 1999; MoEF 2009). Bala and Hossain (2010) 
have called for policy support for sustainable intensification of cropping in this region. More broadly, 
the World Bank has called for a strategic planning policy to protect coastal resources, farming, and 
ecosystems in order to ensure food security and improved well-being (WB 2013b).  
Understanding local perspectives and knowledge, farm-level decision-making processes, approaches 
to risk management, and adaptation strategies is critically important for developing any policy in 
support of sustainable agriculture (Smit and Skinner 2002; Burke and Lobell 2010; Sharma et al. 
2014). In particular, paying attention to successful autonomous adaptation options is essential to 
initiating any large-scale support for smallholder farmers (Wrighta et al. 2014). This local 
understanding can also be used as a basis for assessing future adaptive options for farmers based on 
the best available projections of crop performance under expected climatic and environmental 
conditions. For these reasons, a study of the sustainability of rice-based farming systems in coastal 
Bangladesh is timely.  
 
The overall aim of the research reported in this thesis was to assess the sustainability of rice-based 
cropping systems and the current and potential adaptation options and strategies of farm households 
in the south-western coastal districts of Bangladesh in order to develop recommendations for 
improving their livelihoods. Agricultural sustainability was assessed through evaluating the agro-
economic viability of a range of cropping systems under current and future conditions (climate, 
salinity, and market) and the current and potential adaptation strategies of farm households. 
This research aim was broken down into the following research questions and associated objectives: 
(A) What contributions do rice and other crops make to the agro-economic viability of cropping 
systems in the south-western coastal districts? 
A.1 Estimate costs and returns of the dominant cropping activities;  
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A.2 Assess the overall performance of alternative cropping systems.  
(B) What are the implications of projected future climate and salinity for the economic viability 
of alternative rice-based cropping systems in the south-western coastal districts?  
B.1 Evaluate the consequences of selected climate and salinity change scenarios on the 
productivity and profitability of current and potential rice-based cropping systems;   
B.2 Asses the risks and uncertainties associated with cropping systems under projected 
future conditions.        
(C) What are the dynamics of farm-level adaptation to changes in climate and salinity?  
C.1 Explore farmers’ perceptions of climatic and environmental change and the 
associated farming risks; 
C.2 Examine the coping and adaptation strategies of farm households and the factors 
facilitating and impeding adaptation measures; 
C.3 Elicit farmers’ perceptions of future changes in their farming and livelihood activities 
and their suggestions to reduce farming risks.     
 
This is a study in farming systems research focused on cropping system sustainability in the context 
of current and future conditions. A multiple case-study design was applied instead of a large-scale 
survey as case studies can generate reliable, in-depth, and comprehensive sets of qualitative and 
quantitative data to help understand relationships between the biophysical environment, farming 
households, and the socioeconomic conditions that influence resource‐use decisions over time (Yin 
2009). A biophysical simulation modelling tool was applied to project crop yields under future 
conditions. Standard farm management economics tools were employed to assess the economic 
viability (profitability and risk) of cropping activities and systems. Tools from rural livelihoods 
analysis were also applied to the study of household adaptation strategies.        
Two coastal villages with contrasting farming systems were purposively selected in Khulna District 
as case-study villages for this study. In the first village (Shaheberabad) arable land was widely used 
for rice and non-rice cropping because of low levels of salinity, availability of suitable water for 
irrigated dry-season cropping, and better access to extension services and markets. However, 
agricultural intensification in the village was constrained by inadequacy and declining access to fresh 
surface water for irrigation, agricultural credit and capital for farm investment, and better-quality farm 
inputs. Changing climate and increased incidence of extreme weather events were also major 
constraints. The second village (Uttar Kaminibasia) practised rice/fish farming in the wet season and 
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brackish-water shrimp farming in the dry season due to high to very high levels of salinity and no 
fresh water for irrigation. This village had better access to tidal water throughout the year but poorer 
access to markets and extension services. In addition, livelihoods were constrained by increasing 
intrusion of salinity, lack of fresh water even for drinking and everyday household activities, and lack 
of agricultural credit and capital for farm investment.  
The primary data for this study were collected through a range of methods including reconnaissance 
visits (observation of farmers’ fields and livelihood activities through transect walks), village 
censuses, household case studies, key informant interviews, expert panel interviews, household 
surveys, and collection and analysis of soil and water samples. In addition, historical (1984-2013) 
climate data and projected future values for climate variables and prices of farm inputs and outputs 
were obtained from secondary sources. 
The Agricultural Production Systems Simulator (APSIM) crop simulation model was used to simulate 
biomass and grain yields over a 30-year period for both historical and projected future climate and 
salinity scenarios. Scenarios were developed for 2030 and 2060 based on the IPCC’s A1 (pessimistic) 
and B2 (optimistic) emissions scenarios. Impacts were simulated under farmers’ current cropping 
practices and with some possible adaptation options (e.g., changed sowing dates and fertilizer 
amounts). The historical simulation outcomes were validated using the farm-level data collected 
during the case studies. Enterprise budgets for each crop and cropping system were developed using 
input and output data obtained from the case studies and the crop simulations. Stochastic budgets for 
the crops and cropping systems were constructed using Monte Carlo simulation via the @RISK 
Program with Microsoft Excel. A stochastic dominance or efficiency analysis was performed to 
evaluate the risk-returns trade-offs of the alternative cropping system choices.  
 
The thesis is organised into twelve chapters. The next chapter reviews the concept of agricultural 
sustainability and discusses the impacts of climatic and environmental change on the productivity and 
economic viability of cropping systems. It then elaborates on the various dimensions of household 
vulnerability and adaptation strategies to changes in climate and environment. 
Chapter 3 describes the overall research context. It fist gives an overview of the economy, physical 
environment, agro-ecology, farming systems, cropping systems, agricultural development and food 
security situation of Bangladesh. This is followed by an overview of coastal farming systems and 
livelihoods.  
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Chapter 4 presents the methodology of the study in detail. It begins with the research approach and 
framework, then describes the methods employed for data collection, and finally explains the 
processes of modelling and data analysis.     
Chapter 5 focuses on the village of Shaheberabad. It describes the biophysical, demographic, and 
socioeconomic environment of the village and the evolving farming system, adoption of modern 
technologies, and changing livelihood activities of farm households. The chapter then explores 
current farming systems, with particular emphasis on rainfed wet-season (WS) and early-wet-season 
(EWS) rice and irrigated dry-season crops, as well as livelihood activities. The problems and 
prospects of crops, livestock, aquaculture, and homeyard/dike cropping are assessed.  
Chapter 6 presents an economic appraisal of the major cropping systems in Shaheberabad. The 
profitability of WS rice, EWS rice, watermelon and pumpkin, and the major cropping systems in 
which they are combined is assessed for three farm-household types. Representative enterprise 
budgets and stochastic budgets were constructed and validated based on farmers’ perceived 
variability in yields and prices. This is followed by analysis of participation in other livelihood 
activities, the contribution of farm and off- and non-farm activities to household income, and 
household labour use profiles of the three farm types.  
Chapter 7 focuses on Uttar Kaminibasia, describing the same set of variables as for Shaheberabad in 
Chapter 5, but with more attention to the rice/shrimp system that dominated in this village.  
Chapter 8 assessed the economic viability of WS rice-fish, DS shrimp, and other cropping systems 
for three farm household types in Uttar Kaminibasia. Representative enterprise and stochastic budgets 
were constructed and validated and the contribution of farm and off- and non-farm activities to 
household income was analysed, as with Shaheberabad. 
Chapter 9 presents an analysis of long term (1984-2013) trends in recorded climate in Khulna. The 
chapter then explores farmers’ perceived changes in climate, salinity, and farming risks in both 
Shaheberabad and Uttar Kaminibasia and the major coping and adaptation strategies employed. This 
is followed by an analysis of the drivers, benefits, and constraints of adopted and planned adaptation 
options. Finally, the chapters reports the perceptions of farmers and an expert panel of changes in 
farming and livelihood activities in the near future, given the perceived changes in climate and 
salinity, and their suggestions for planned adaptation strategies to reduce risks.  
Chapter 10 presents the results of biophysical modelling of current and some potential future cropping 
systems in the case-study villages across five climate and three salinity scenarios. The performance 
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of the different cropping systems is first assessed under current crop management practices and then 
allowing for some possible adaptation options, namely, changing fertilizer management and planting 
dates. 
Chapter 11 takes the outputs of the biophysical modelling to assess the economic viability of the same 
set of cropping systems under historical and future scenarios, including projected climate, salinity, 
and market conditions. This analysis again considers both farmers’ current management practices and 
some possible adaptation options.  
The final chapter presents a synthesis of the key findings and limitations of the research and draws 
out some policy implications.  
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LITERATURE REVIEW 
 
 
As described in Chapter 1, the thesis is concerned with the sustainability of rice-based cropping 
systems in the vulnerable conditions of south-west coastal Bangladesh, both currently and in light of 
projected future climate and salinity in the region. Thus it is also concerned with the dynamics of 
farm-level adaptation to changes in climate and salinity. This chapter reviews some of the literature 
relevant to these concerns. It begins with an overview of the concept of agricultural sustainability and 
its application to farming in Asian countries. It then reviews what we know about climate change and 
its impacts in Bangladesh. Consideration is then given to household vulnerability and adaptation to 
climate change, with particular reference to studies of farmer adaptation in Bangladesh. Given that 
rice-shrimp systems are an important and controversial part of farming systems in the coastal region, 
hence key to the sustainability question, economic studies of these systems are briefly reviewed. 
 
 
The issue of agricultural sustainability was first raised with regard to agricultural systems in 
developing countries but it is now a global concern due to increased global food demand for a growing 
population, expansion in the range of end uses of agricultural produce (e.g., biofuel), greater use of 
crops for livestock feed, and increased occurrence of adverse consequences of agricultural 
modernization (e.g., application of chemical fertilizers and pesticides) on agro-ecological systems 
and human and environmental health (Harrington 1995; Zhen and Routray 2003; Pretty 2005; Spiertz 
2010; Tisdell 2015). 
The World Commission on Environment and Development defined sustainable development broadly 
(hence uncontroversially) as development that “meets the needs and aspirations of the present 
generation without compromising the ability of future generations to meet their needs” (Brundtland 
1987, p. 292). Since the Brundtland Report, many attempts have been made to apply the concept to 
agricultural sustainability but without consensus (Pretty 1995). It is a dynamic and contested notion, 
embodying complex and highly inter-linked phenomena – environmental, economic, and social – and 
is dependent on normative, spatial, and temporal dimensions (Douglass 1984; Conway 1987; 
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Senanayake 1991; Smit and Smithers 1993; Pretty 1995; Tisdell 1996; Lefroy et al. 2000; Morse et 
al. 2001; Von Wirén-Lehr 2001; Roy and Chan 2012).  
Agricultural sustainability has hundreds of definitions but most incorporate environmental, economic, 
and social objectives. These include the long-term maintenance of agricultural productivity and 
natural resources with reduced environmental consequences, less use of chemical inputs, adequate 
economic returns to farmers, meeting farmers’ needs for food and income, and providing for the 
social needs of rural families (Hardin 1991). Thus agricultural sustainability is seen as the ability of 
the components of farming systems (e.g., crops, livestock, aquaculture) to maintain productivity, 
thereby ensuring food security for present and future generations while conserving natural resources 
(Hardin 1991). This entails giving a satisfactory level of farm benefits over a long period, regardless 
of short-term instability (McConnell and Dillon 1997).  
An early and influential definition by (Conway 1985, 1987) saw sustainability as the ability of an 
agroecosystem to maintain its productivity despite regular (e.g., adverse trends in salinity, toxicity, 
erosion, market demand, or indebtedness) or irregular (e.g., droughts, floods, a new pest, or the 
sudden rise in an input price) stresses or perturbations. Conway (1985) identified four inter-related 
components of agroecosystems – productivity (e.g., yield or net income), stability (e.g., yield 
variability), sustainability (e.g., productivity trend), and equitability (e.g., income distribution). 
Tisdell (1988) commented that estimation of agricultural sustainability using the indicators suggested 
by Conway (1985) was problematic as the indicators are fundamentally qualitative rather than 
quantitative and the trade-offs between the different dimensions are not addressed. Tisdell (2015) 
also argued that Conway’s (1987) three pillars of sustainability (ecologically sustainable, socially 
acceptable, and economically viable), though appealing, have pragmatic limitations, namely, it is not 
clear what policies or development paths satisfy these objectives, the criteria themselves are not very 
precise, and knowledge and social values change with the passage of time.     
Lynam and Herdt (1989) argued that agricultural sustainability implies the capacity of the whole farm 
system to maintain or increase productivity over the long term, which for practical purposes may be 
20 years. They claimed that total factor productivity is the appropriate parameter for measuring 
sustainability of a crop, cropping system, or farming system. Total factor productivity measures by 
the ratio of the total value of produced outputs to the total value of required inputs for the system over 
a full cycle. A non-negative trend of total factor productivity is the indicator of the system’s 
sustainability over the period of concern, with the proviso that “the value of inputs and outputs must 
be computed at a set of standardized prices which should reflect their long-term economic value” 
(Lynam and Herdt 1989, p. 385). Tisdell (1996), however, commented that a non-negative trend of 
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the ratio of the value of outputs to the value of inputs indicates only a partial view of an enterprise. 
Besides, the determination of the best-fit trend line and the break-even point of production and capital 
cost for the durable assets are difficult. In this respect, the “value of output minus value of input, i.e. 
profit, or profit/value of inputs is the relevant measure, and either of these measures may give a 
superior indication of economic viability than the value of output/value of input” (Tisdell 1996, p. 
120).  
Globally, developing a quantitative approach for measuring agricultural sustainability has been 
considered an important goal (Senanayake 1991). However, measuring sustainability is highly 
problematic due to its dependence on a variety of factors – external (e.g., climate, input prices and 
availability, and global biodiversity), internal (farming system operations, soil quality, and 
availability of irrigation), reversible (e.g., loss of soil nutrients and organic matter), and irreversible 
(e.g., species extinction, massive soil erosion) (Harrington 1995; Tisdell 1996; Von Wirén-Lehr 2001; 
Zhen and Routray 2003; Zhen et al. 2005). Moreover, despite numerous suggested lists and matrices 
of sustainability indicators, assessment of agricultural sustainability is difficult because of the scarcity 
of specific criteria or principles for selecting parameters or well-developed guidelines for 
incorporating such indicators (Pannell and Schilizzi 1999; Morse et al. 2001)). Hence there is 
disagreement about the choice of indicators as well as the specification of relevant time periods and 
system boundaries (Lynam and Herdt 1989; Flora 1992; Roberts and Swinton 1996; Gowda and 
Jayaramaiah 1998; Lien et al. 2007).  
For example, Roy and Chan (2012) proposed three sets of indicators pillars for assessing farm-level 
agricultural sustainability of intensive cropping systems in Bangladesh in the context of climate 
change: (i) economic (net farm return, land productivity, crop diversity, and sufficiency of cash flow); 
(ii) social (education, input self-sufficiency, and social involvement) and (iii) ecological (integrated 
water, nutrient and pest management, soil quality and fertility management, and biodiversity). 
However, they give no clear guidelines for assessing net farm returns. The net farm returns for a 
particular year may not reflect sustainability of the farming system as agriculture in Bangladesh is 
strongly affected by seasonal weather variability. Moreover, while crops are an important source of 
farm income, the inclusion of livestock, fisheries, homeyard gardening, and off- or non-farm is vital 
for rural households. The assessment of social and ecological parameters is also affected by major 
perturbations in rural Bangladesh.  
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(a) East Asia. Ming (2003) assessed farming systems sustainability in Dafang County, China, using 
descriptive statistics of survey and recorded data. It was reported that the level of ecological 
sustainability was moderate or even low but the economic and social sustainability indicators were 
high in the selected locations. The farming systems in Liulong were economically and socially more 
sustainable than in others locations but ecological sustainability was quite similar across locations. 
Poverty, high population growth, lack of alternative income sources, and poor information 
dissemination were identified as constraints on sustainability.  
Zhen et al. (2005) evaluated sustainability of farming practices in the North China Plains based on 
environmental, economic, and socio-economic aspects. It was reported that groundwater had declined 
and farmers applied higher doses of fertilizers and pesticides to obtain higher yields without 
considering the subsequent effects on the environment. The major crops were financially viable and 
farmers reported increased crop productivity and consequently assured food self-sufficiency.  
(b) Southeast Asia. Lefroy et al. (2000) evaluated the sustainability of land management systems of 
sloping land farmers of Indonesia, Thailand, and Vietnam. It was observed that about 67% of farms 
were unsustainable economically but most were sustainable socially. None of the selected farming 
systems met all five pillars of sustainability but most were marginally above the threshold level of 
sustainability, while some were marginally below.  
Similarly, Praneetvatakul et al. (2001) assessed agricultural sustainability in northern Thailand using 
FAO sustainability indicators. Food self-sufficiency was the most sustainable aspect of agriculture in 
the study area but the level was still lower than that for the national level. Land holding, land tenure, 
and water availability were the least sustainable facets in that study region. The land tenure system 
was considered as the most critical factor for social sustainability, and pesticides used for crop 
production were identified as a significant threat to human health.  
Pham and Smith (2013) assessed agricultural sustainability and explored relationships between 
indicators and drivers within the small-scale farming systems of Hoa Binh Province, Vietnam. It was 
reported that the sustainability performance of agriculture was poor. The crop yields were lower than 
the Vietnam national average and net farm income was low, while soil fertility was declining and 
achieving food self-sufficiency had become a problem. There was lack of irrigation water and 
increased reliance on fertilizers and pesticides because of increasing occurrence of pests and diseases.  
12 
 
(c) South Asia. Nambiar (1995) conducted a long-term experiment for evaluating the sustainability 
of four major cropping systems in five provinces of India. It was found that soil degradation, nutrient 
scarcity, infestation of pests and diseases, climate change, and loss of biodiversity considerably 
reduced the systems’ productivity and constituted a threat to cropping systems sustainability. Gowda 
and Jayaramaiah (1998) evaluated the comparative sustainability of four dominant rice production 
ecosystems in India based on ecological, economic, and social dimensions. It was observed that the 
rain-fed lowland systems did not show superiority in any of the dimensions but rated best on the 
composite index because of moderate sustainability in all of the dimensions. Therefore, the rain-fed 
lowland ecosystem was identified as the most sustainable system, followed by irrigated, tank-fed, and 
rain-fed upland systems. Irrespective of the ecosystem, the economic dimension was more sustainable 
than the ecological and social dimensions.  
Sharma and Shardendu (2011) assessed farm-level agricultural sustainability based on social, 
economic, and ecological aspects in the eastern Indo-Gangetic Plains. It was observed that per capita 
land holding, ecological literacy, agricultural biodiversity, and population density had all increased. 
In addition, some improvement was noticed in productivity and cropping intensity. Air and water 
quality were not adversely affected because farmers applied less fertilizers and pesticides than 
recommended. Bhat et al. (2015) also reviewed the sustainability of rice-wheat cropping systems in 
the Indo-Gangetic Plains. It was reported that these systems were becoming less profitable and land 
and water productivity was stagnant or decreasing because of the deterioration of soil structure and 
declining underground water. They recommended adoption of resource-conserving technologies to 
improve soil health and environment, subsequently improving the livelihoods of South Asian farmers. 
(d) Bangladesh. There have been a number of studies assessing agricultural sustainability in 
Bangladesh. Rasul and Thapa (2004) evaluated relative sustainability of “ecological” and 
“conventional” agricultural systems in Bangladesh. It was reported that conventional systems gave 
higher yield and financial returns than ecological systems but the index of decreasing yield was higher 
for the conventional system than for the ecological system. The conventional farmers applied more 
fertilizers (383 kg/ha) than ecological farmers (232 kg/ha) and 90% of conventional farmers relied on 
chemicals for controlling pests while 92% of ecological farmers used mechanical and biological pest 
control methods. The ecological system was assessed as being more sustainable than the conventional 
system in ecological, economic, and social terms. Sabiha et al. (2016) measured environmental 
sustainability in agriculture in north-west Bangladesh through developing a composite environmental 
impact index (CEII). It was reported that the environmental impacts of intensive irrigated HYV rice 
cultivation was very high.  Hence the authors concluded that policy interventions were required to 
sustain agriculture in this region of Bangladesh. 
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Ali (2006) conducted a long-term (1985-2003) study in the coastal district of Khulna (where the 
research for this thesis was conducted) in order to evaluate the environmental and economic 
sustainability of rice farming systems. It was reported that 79% of prime rice-growing land in the 
study villages had been transformed to shrimp farming, which was much more profitable than rice. 
This had resulted in increased soil salinity and acidity and depleted soil micronutrients due to 
prolonged inundation for shrimp culture. The decline in rice area and degradation in soil quality 
jointly reduced total rice production, so that most small farmers were not self-sufficient in rice. 
Nonetheless, rice and shrimp farming made a considerable contribution to the food security and 
economic well-being of the villagers. Ali (2006) concluded that appropriate government policy for 
land allocation for shrimp and rice farming may reduce the rate of environmental degradation.  
Ahmed and Garnett (2010) assessed the socioeconomic and environmental sustainability of prawn-
fish-rice farming systems in the southwest coastal areas of Bangladesh. They reported that the 
sustainability of the prawn-fish-rice system was high. The application of fertilizers and pesticides in 
rice fields had decreased as the droppings of prawn and fish increased the organic matter, while the 
fish and prawns ate the weeds and insects growing in the rice fields. Conversely, the rice plants 
provided shade and kept the water temperature at a tolerable level for fish and prawn in the summer 
months. These interactions resulted in increased productivity, income, and off-farm employment 
opportunities.  
Chowdhury et al. (2010) surveyed 180 shrimp farming households in three villages in south-western 
Bangladesh and assessed the relative sustainability of rice/shrimp and shrimp-only systems based on 
productivity, profitability, and production stability. Production stability was assessed through the 
production stability index (PSI), adopted from Rasul and Thapa (2004). It was observed that shrimp 
yield under farmers’ current practice was low and risky because of frequent disease infestation. The 
rice/shrimp system not only gave higher returns but was also ecologically and socially more 
acceptable than the shrimp-only system. This was because rice was the staple food for the coastal 
population, and flushing out the saline water for cultivating wet season rice was good for the local 
environment. Hence the rice/shrimp system was treated as more sustainable, at least in economic 
terms, than the shrimp-only system. 
 
In brief, the goal of agricultural sustainability is the long-term maintenance of natural resources, 
agricultural productivity, and profitability to ensure the food security and wellbeing of farming 
communities. Crop productivity, economic returns, soil quality, rate of application of chemical inputs, 
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household food self-sufficiency were repeatedly used as indicators for measuring agricultural 
sustainability. However, the measurement of agricultural sustainability is a formidable problem. This 
is because it depends on highly interlinked internal, external, irreversible, and reversible factors. 
There is also lack of agreement about the relevant methods, indicators, time period, and boundaries 
of agriculture systems. In this research, the sustainability of coastal cropping systems has been 
assessed by evaluating yields, profitability, and risk (defined as the variability of net returns) under 
farmers’ current practices and with possible adaptation options across historical and projected future 
environmental conditions in 2030 and 2060.  
 
 
Bangladesh is critically vulnerable to catastrophic natural calamities due largely to its position 
between two distinct environments, namely, the Himalayas in the north and the Bay of Bengal in the 
south. Additionally, overpopulation and a high dependence on agriculture aggravate its susceptibility. 
Every year the country faces one or more natural calamities in the form of tropical cyclones, storm 
surges, coastal erosion, floods, and droughts, causing huge physical and economic losses as well as 
human casualties. The Global Climate Risk Index 2015 developed by Germanwatch ranked 
Bangladesh as the sixth most disaster-affected country in the world based on damage caused by 
natural calamities during the last two decades (1994-2013) (Kreft et al. 2014). This susceptibility to 
natural hazards makes it highly vulnerable to climate change. A World Bank study projected that 
Bangladesh is likely to be affected by increasingly extreme river flooding, more intense tropical 
cyclones, rising sea-level, and very high temperatures in the future (WB 2013b). Table 2.1 highlights 
the physical vulnerability of the country and the intensity of impacts on different sectors.  
Table 2.1: Intensity of impacts on different sectors due to climate change  
Sector 
Impact 
Temper-
ature 
Sea-level rise Drought Floods 
Cyclone 
and storm 
surges 
Coastal 
inundat-
ion 
Salinity 
intrusion 
River 
flooding 
Flash 
flooding 
Crops +++ ++ +++ +++ + ++ +++ 
Fisheries ++ + + ++ ++ + + 
Livestock   ++ ++ +++ - - + +++ 
Biodiversity ++ +++ +++ - ++ - + 
Source: Adapted from MoEF (2005, p. 19). 
Note: +++ refers to high, ++ refers to moderate, and + refers to low intensity of impacts. 
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The climate system is very complex and has changed over 3 billion or more years due to many 
geophysical factors (Miller and Spoolman 2012). However, it is now changing at unprecedented rates 
and will continue to do so in the present century (Adger 2003; IPCC 2007b; Sarwar and Khan 2007; 
Sivakumar and Stefanski 2011; Miller and Spoolman 2012). The IPCC confirms with 95% confidence 
that human influence on the climate system is the main cause of global warming, and that this 
influence is increasing (IPCC 2014a). The global mean temperature will likely be 1.4 -2.0 ⁰C higher 
by 2046-2065 and 1.8-3.7 ⁰C higher by 2081-2100 over the baseline period (1986–2005) (IPCC 
2013). Consequently, global mean rainfall will likely increase by 5% by 2080-2099, with large spatial 
and seasonal variation across the regions of the globe (Cline 2007).   
Bangladesh has been experiencing an increasing trend in the mean temperature of 0.40-0.65 °C during 
the 40-year period, 1967-2007 (Nishat and Mukherjee 2013). A World Bank study using 16 Global 
Circulation Models (GCMs) forecast that median warming in Bangladesh will likely be 1.1°C by the 
2030s, 1.6°C by the 2050s, and 2.6°C for the 2080s over the baseline median (1970-1999). The 
median annual precipitation is likely to rise by 1% by the 2030s, 4% by the 2050s, and 7% by the 
2080s over the baseline median (1970-1999), with a greater contrasts between the wet and dry seasons 
(Yu et al. 2010).  
Similarly, Agrawala et al. (2003) project annual mean warming in Bangladesh of 1.0ºC by the 2030s, 
1.4ºC by the 2050s, and 2.4ºC by 2100, with slightly higher warming in winter than in summer (Table 
2.2). Annual average precipitation is likely to rise by 3.8% by the 2030s, 5.6% by the 2050s, and 9.7 
% by 2100, with significant increase in the summer months and a slight decrease in the winter months.  
This trend toward a warmer and wetter future climate is likely to have adverse impacts on agriculture 
(Yu et al. 2010). However, wet season rice and dry season crops in the middle highlands and highlands 
might benefit from a wetter future climate (Paul and Rasid 1993; Mirza 2002). 
Table 2.2: Global circulation model projected changes in temperature and precipitation under B2 
emission scenarios for Bangladesh 
Year 
Mean temperature change (ºC) 
(standard deviation) 
Mean precipitation change (%)  
(standard deviation) 
Annual Winter  Summer  Annual Winter  Summer  
2030 +1.0 (0.11) +1.1 (0.18) +0.8 (0.16) + 3.8 (2.3) - 1.2 (12.6) + 4.7 (3.17) 
2050 +1.4 (0.16) +1.6 (0.26) +1.1 (0.23) + 5.6 (3.3) - 1.7 (18.2) + 6.8 (4.58) 
2100 +2.4 (0.28) +2.7 (0.46) +1.9 (0.40) + 9.7 (5.8) - 3.0 (31.6) + 11.8 (7.9) 
Adapted from Agrawala et al. (2003, p. 13) 
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Roy et al. (2009) using global circulation model MAGICC/SCENGEN Version 5.3 and the A1 
emission scenario projected that, for the south-western coastal districts of Bangladesh, winter 
warming (December, January and February) would likely be 1.49ºC by 2030 and 4.12ºC by 2075, 
relative to 1990, and summer warming (June, July and August) would likely be 0.87ºC by 2030 and 
3.16 ºC by 2075, relative to the same base year. The projected annual precipitation showed an 
increasing trend (2% increase by 2030 and 10.1% by 2075 over the base year). The precipitation 
increase was projected to be highest (6.2% by 2030 and 17.0% by 2075) in the post-monsoon months 
(September, October and November) and next highest (3.8% by 2030 and 10.4% by 2075) in the 
winter months (December, January and February).   
 
While floods bring abundant alluvial soil which improves soil conditions in Bangladesh (Mirza et al. 
1998), about 20-25% of the total area of the country is inundated almost every year, and 40-60% is 
inundated once in every 3 to 5 years, causing substantial damage to infrastructure, agriculture, and 
livelihoods, especially affecting poor households (Mirza 2002; MoEF 2009; WB 2010, 2013b). Over 
the last 50 years, the country has been affected by severe floods in 1974, 1984, 1987, 1988, 1998, 
2004 and 2007, which was cause of loss of life and substantial damage to public infrastructure, 
housing, agriculture, and livelihoods (MoEF 2009). The country could not harvest about 2.38 million 
tonnes of paddy rice during 1973-1987 due to floods (CCC 2007). Likewise, Paul and Rasid (1993) 
reported that on average 4% of total annual rice production (0.5 million tonnes) was damaged by 
floods during 1962-1988. Mirza et al. (2003) reported that high yielding varieties of wet season rice 
and summer vegetables are more vulnerable to floods and incur losses every year. IPCC (2014a) 
reported that every year about 22% of households are affected by tidal-surge floods and 16% of the 
total area is affected by riverbank erosion in the coastal areas of Bangladesh. 
Climate change is projected to increase the incidence and impacts of flooding. The World Bank 
estimates that 1.5 million people will be affected by tidal-surge floods by 2070 (WB 2013b). With a 
6ºC temperature rise the annual average area inundated may increase by 55%, damaging wet season 
rice at the early stage of the crop growth and early wet season at the later stages. Dry season rice may 
also be affected by floods in those regions prone to flash floods. Hence increased flooding may 
substantially reduce total rice production (Mirza et al. 2003; Yu et al. 2010).  
Drought in Bangladesh entails late arrival and early withdrawal of the monsoon rains. The country 
was affected by major drought in 1966, 1969, 1973, 1978, 1979, 1981, 1982, 1989, 1992, 1994, 1995, 
1998 and 2000, and incurred huge losses of crop production. In those years, about 2.32 million ha of 
17 
 
wet-season rice land and 1.2 million ha of early-wet-season rice land were affected by drought (CCC 
2007). About 42% of the cultivated land was severely affected by consecutive droughts in 1978 and 
1979, which reduced rice production by a total of nearly 2 million tonnes (Baas and Ramasamy 2008). 
Rice, wheat, jute, and other crops are commonly affected by drought in the north-western part of the 
country (FAO 2006; Baas and Ramasamy 2008). With projections of higher temperatures and lower 
precipitation in the dry season, the frequency and intensity of drought are likely to increase (Ahmed 
and Alam 1999; Agrawala et al. 2003; Rahman and Alam 2003; Huq et al. 2004; CCC 2007; Yu et 
al. 2010).  
A severe tropical cyclone hits Bangladesh on average every three years in the months just before and 
after the monsoon, with winds of around 250 km per hour and storm surges of up to seven metres. 
This results in huge loss of life – 500,000 in 1970, 140,000 in 1991, and 3,406 in 2007 – as well as 
destruction of livestock and rampant damage to household assets and infrastructure across the coastal 
regions (MoEF 2009; WB 2010). Rise in sea level and sea surface temperature are the main reasons 
for expecting increased severity and intensity of cyclones and coastal inundation in future decades 
(Khan and Singh 2000; Huq and Ayers 2008; Karim and Nobuo 2008). It is claimed that a threshold 
sea-surface temperature of 27ºC is a necessary but not sufficient condition for generating tropical 
cyclones (Ali 1999; WB 2000). As this threshold is increasingly likely to be exceeded, the frequency 
of cyclones and storm surges is expected to increase across the coastal areas (MoEF 2009; WB 2013b; 
IPCC 2014c).  
Sea-level rise is perceived as the most important risk for humans and livelihoods in low-lying areas 
of Bangladesh (IPCC 2014a). The mean sea-level rise across the coast of the country over the last 22 
years was several times higher than the global mean sea-level rise over the last 100 years (Rahman 
and Alam 2003; Huq et al. 2004). According to WB (2000), the sea level rise over the Bangladesh 
coast is likely to be about 0.1 m by 2020, 0.25 m by 2050, and 1 m by 2100 compared with the base 
year (2000), resulting in inundation of 17.5 % of agricultural and non-agricultural land by 2100 (Table 
2.3). Likewise, Yu et al. (2010) project that sea-level rise will be 0.15 m by 2030, 0.27 m by 2050 
and 0.62 m by 2080, resulting in 6%, 10% and 20% of the total area, respectively, being perennially 
flooded. The results would be: (1) substantial areas of rice, jute, and other crops and sweet-water fish 
would be abandoned or converted into deep-water rice and brackish water fish cultivation; (2) salinity 
intrusion, loss of biodiversity, and the spread of water-borne diseases would increase; (3) 20-30 
million people would migrate to safer places, exacerbating livelihood vulnerability for themselves 
and others in the destination sites (Ortiz 1994; WB 2000; Mirza et al. 2003; Rahman and Alam 2003; 
Huq et al. 2004; IPCC 2007a; Yu et al. 2010; WB 2013b; IPCC 2014c). 
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Table 2.3: Potential impacts of sea-level rise in Bangladesh  
Year 2020 2050 2100 
Sea-level rise  10 cm 25 cm 1 m 
Area 
inundated 
2% of total current land 
or about 2,500 km2 
4% of total current land 
or about 6,300 km2 
17.5% of total current 
land or about 25,000 km2 
Floods 20% more area may be 
flooded 
May increase flooding in 
Meghna and Ganges 
floodplains 
Frequency of extreme  
flooding may increase 
Storm Surge   Storm surges may range 
from 7.1 to 8.6 m with 
0.3 m sea-level rise  
Storm surges may range 
from 7.4 to 9.1 m with 1 
m sea-level rise 
Salinity Increased Increased Increased 
Ecosystems 15% of  the Sundarbans 
mangrove forest may be 
inundated  
40% of  the Sundarbans 
mangrove forest may be 
inundated 
The Sundarbans might 
be lost  and many 
species of flora and 
fauna might become 
extinct  
Crop 
production  
Loss of 1% of current 
total production  
Loss of 2% of current 
total production  
Large crop losses 
expected 
Source: Adapted from WB (2000) 
 
There have been many studies looking at the impacts of climate change on components of agriculture 
within Bangladesh. Many of these use crop simulation models such as DSSAT, CROPWAT, CERES, 
and ORYZA to project the impact on crop yields under future climate scenarios. In some cases these 
are linked to hydrological models. Some studies use economic models to link these climate impacts 
to income, poverty, and food security. A few rely on analysis of existing data. 
Karim et al. (1999) using the DSSAT model Version 3.0 modelled the impacts of 2°C and 4°C 
warming at different levels of CO2 (330 ppm, 580 ppm and 660 ppm). They found that the effects of 
temperature were more pronounced on wheat than on rice at all levels of CO2. The net effect on rice 
yield of 4°C warming at 580 ppm CO2 was positive (9% increase) while the effect on wheat yield 
was detrimental (40% decrease) over the baseline yield in 1990-91. However, the effect differed 
between early wet season rice (6% decrease), dry season rice (16% increase) and wet season rice (1% 
increase). Basak et al. (2010) applied the DSSAT model Version 4.0 to assess the climate change 
(temperature and precipitation) impacts on DS rice in Bangladesh. They found that the life span of 
the rice crop may be shortened under current practice due to rising temperature. The yield loss of the 
rice crop was likely to be 20% for 2050 and 50% by 2070, despite the beneficial effects atmospheric 
CO2. However, changing the planting date was found to significantly reduce the adverse effects of 
climate change. 
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Yu et al. (2010), using the DSSAT model Version 4.5, simulated the multiple climate impacts 
(temperature and precipitation changes, CO2 fertilization, changes in flooding, and sea-level rise) on 
future crop production in Bangladesh. They reported that net climate impacts on wet season and early 
wet season rice by 2050 were not significantly different from zero. However, dry season rice suffered 
a yield loss of 3% by 2030 and 5% by 2050 and wheat yield increased by 3%. In addition, they 
projected a 40% loss in total crop production in coastal Bangladesh by 2080 due to sea-level rise and 
intrusion of salinity. The southern coastal district of Khulna (where the present study was undertaken) 
was identified as the most climatically vulnerable region of the country. 
Hussain (2011) also used the DSSAT crop model to assess the vulnerability of food grain production 
in Bangladesh under future climates. He projected that total production of wet season rice would 
decline by 0.2-5% across four climate scenarios by 2050 and 2-10% by 2070, and that of early wet 
season rice would decline by 2-26% by 2050 and 5-26% by 2070, compared with baseline yields 
(2005-2006). However, total production of irrigated dry season rice was projected to increase by 3-
10% by 2070. Total wheat production was projected to increase by 19-26% across three climate 
scenarios by 2050 but to decline by 17-24% under the same scenarios by 2070. Hussain (2011) argued 
that research to screen genotypes for tolerance to environmental and climatic stress may reduce the 
projected loss of crop production. 
Hassan et al. (2014), using the DSSAT crop model, assessed the effects of climate change 
(temperature, precipitation, and CO2) on rice yields in the drought-prone north-west of Bangladesh 
under historical (1981-2012) and three 2050 climate scenarios (A1B, A2, and B1). The model 
simulated that the average yield of wet-season rice would increase by 3% in 2050 because the negative 
impact of warming and changes in precipitation would be offset by the carbon fertilization effect. 
However, this offsetting effect was not sufficient to prevent a 4% decline in dry-season rice yield by 
2050. They concluded that dry-season rice may not be sustainable as the projected demand for water 
exceeded the expected recharge and water yield in the area. However, earlier planting date, adopting 
short-duration varieties for wet-season rice, and crop diversification could be suitable adaptation 
options.         
Faisal and Parveen (2004), using the CERES-Rice and CERES-Wheat models, projected that the net 
climate change impacts on food grain production in Bangladesh by 2030 would not be great. They 
attributed this to the effect of rising temperature being offset by the rise in atmospheric CO2. However, 
by 2050, the production of paddy rice was projected to decline by 8% and of wheat by 32%. Their 
simulations also indicated that water for crop production and other purposes may be adequate until 
2030 but may be inadequate for household and commercial use and for fisheries by 2050, by when 
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40-50% of the total water will be required for irrigation to meet the food demand of an increased 
population. Alam and Ahmed (2010) applied the CERES-Rice model Version 4 for assessing climate 
change impact on rice production. They projected a 40% decline in total rice production by 2070 in 
Bangladesh due to climate change, with considerable regional variation. Hence they concluded food 
insecurity will be a serious problem for the country. 
Ruane et al. (2013) assessed the impacts of climate change (temperature, precipitation, and CO2), 
river floods, and sea-level rise for the 2040-2069 period on rice and wheat production in the 16 
upazilas of Bangladesh as compared with historical climate. The study combined the CERES crop 
model with the Mike-Basin hydrologic model for river floods and the MIKE21Two-Dimensional 
Estuary Model for sea-level rise. It was projected that higher concentration of CO2 in the atmosphere 
would tend to increase production while warmer temperatures would have the opposite effect, 
particularly for dry season rice and wheat. Increased river flooding and coastal inundation associated 
with mean sea-level rise would also decrease wet season and early wet season rice production. The 
combined impacts of climate change, sea-level rise and floods were projected to be a decline of 10.5% 
in the production of early wet season rice, 10.8% in wet season rice, 20.8% in dry season rice, and 
12.6% in wheat. These decreases were likely to be greater in Khulna District. In fact, the model 
simulated that the coastal region and coastline may be unable to provide permanent protection from 
sea-level rise. 
Roy et al. (2009) applied FAO’s CROPWAT model for simulating the impacts of climate change 
(increased temperature and evapotranspiration) in the south-western coastal districts of Bangladesh. 
They projected yield loss of rainfed dry season rice, wheat, pulses and potatoes of 48%, 22%, 26% 
and 73% respectively in 2075 from the base year (1990). However, increasing irrigation application 
up to 22% would reduce the yield loss. Lázár et al. (2015) applied an extended version of the 
CROPWAT model with a downscaled regional demography model to simulate impacts of change in 
climate, environment, and socioeconomic conditions on crop production, net agricultural profit, food 
security indicators, and poverty levels in the south-western coastal areas of Bangladesh. They found 
a general increase in crop yield over time. Dry-season and early-wet-season rice were more sensitive 
to salinization while other irrigated dry-season crops (e.g., chilli, grass pea, potato, and wheat) were 
sensitive to temperature variations. Wet-season rice was projected to provide uniform yield quite 
close to its potential. Hence wet-season rice was seen as best suited to the coastal environment as 
salinity is substantially reduced during the wet season and the crop is not greatly affected by 
temperature changes. The study also concluded that crop diversification may not provide clear 
economic benefit due to the greater susceptibility of alternative crops to climate variation and 
uncertain markets.  
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Karim et al. (2012) used the rice simulation model ORYZA2000 to assess the impacts of changes in 
temperature, precipitation, radiation, mean wind speed, and humidity on yield of dry season in 
Rangpur, Faridpur, and Barisal Districts in Bangladesh. The model simulated that average yield 
reduction in the three locations for 2046-2065 compared with baseline yields (2000-2008) was likely 
be 36% for the early planted crop (January 8-18), decreasing to 24% for the late planted crop (January 
28-February 7). While the vegetative growth of very late planted rice (after February 7) might be 
greater because of higher rainfall, the rising temperature would be expected to reduce total production 
through reducing the growing period. The model also projected that water requirements for irrigated 
dry season rice would increase by 14% for 2046-2065 compared with the baseline (2000-2008) 
because of warming and changes in the amount and distribution of rainfall.  
Rahman and Alam (2003) developed two general circulation models and modelled the impact of 
temperature on rice and wheat yields in Bangladesh. They reported a net loss of rice and wheat 
production of 28% and 68% respectively at 4ºC warming with the current level of atmospheric CO2. 
However, doubling the atmospheric CO2 at 4ºC warming, rice production was projected to increase 
by 20% and wheat production to decrease by 31%. They also found that dry season rice was not 
greatly affected by the rising temperature. Nevertheless, a 60% moisture stress on top of other effects 
may reduce the yield of dry season rice by 32%, hence the area under rice cultivation may reduce. 
They concluded that area and yield loss would threaten food security in Bangladesh.  
Habibullah et al. (1999) developed a computer model specifically to assess the impacts of salinity 
intrusion on wet season and early wet season rice production in the coastal areas of Bangladesh. They 
reported that weather events driven by climate change would likely exacerbate soil salinity 
considerably in these areas. The total loss in rice grain production due to salinity under baseline 
climate conditions was estimated to be 70,000 t. This loss was projected to be 1.4 times that amount 
under a moderate climate change scenario (in which 10% of non-saline land would be transformed 
into saline land) and 3.3 times higher under a severe climate change scenario (45% of non-saline land 
salinised). However, suitable adaptation measures could reduce the loss of rice production despite 
moderate or severe climate change.  
Thurlow et al. (2012) applied a dynamic computable general equilibrium (DCGE) model to assess 
the economic impacts of future anthropogenic climate change and historical climate variability in 
Bangladesh. Based on historical climate variability, the model simulated that annual national rice 
production may decline by about 9% (USD 2.5 billion per year) over the 2005-2050 period due mainly 
to flood damage to the wet-season rice crop. However, the model projected that climate change may 
reduce production of dry season irrigated rice more than that of wet season and early wet season rice. 
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Thus climate change may increase food insecurity in the country as dry season rice currently is the 
most important source of rice supply for the country. Banerjee et al. (2015) also developed a DCGE 
model linked with a food security module to evaluate the impact of climate change on agriculture and 
food security in Bangladesh. They projected that by 2030 total agricultural production would be 
reduced by 1.23% and national GDP by 0.11% but imports would increase by 1.52%. Moreover, total 
caloric consumption would decrease by 17% because of reduced agricultural production.  
Sarker et al. (2012) using regression models and time series data at an aggregate level estimated the 
potential effects of climate change on rice yields in Bangladesh. They found that maximum 
temperature had a significant positive impact on yields of wet season and early wet season rice and a 
significant negative impact on the yield of dry season rice. The minimum temperature had a 
significantly negative effect on the yield of wet season rice but a significantly positive effect on the 
yield of dry season rice. Precipitation had a significant positive impact on the yields of wet season 
and early wet season rice. Sarker et al. (2012) concluded that research to develop stress-tolerant rice 
varieties may reduce the loss of rice production. Ahmed and Chowdhury (2006) elicited farmers’ 
assessments of the impacts of climate change on agriculture in the north-western region of 
Bangladesh. Farmers considered that dry season rice, early wet season rice, winter vegetables, and 
mango production were adversely affected by climate change. Other factors (e.g., electricity failures 
and the high price of agriculture inputs) aggravated the adverse impacts of climate change on crop 
production and increased livelihoods risks.  
 
In conclusion, Bangladesh is one of the most vulnerable countries to climate change due to its 
geophysical setting and biophysical and socioeconomic conditions. The country is highly exposed to 
climate stimuli (e.g., rise in temperature and changes in precipitation), frequently affected by 
intensive hazardous events (e.g., droughts, floods, cyclones, and storm surges), prone to salinity 
intrusion, and vulnerable to sea-level rise. The frequencies and intensities of these hazardous events 
are likely to increase throughout the current century due to projected changes in climate and sea-level 
rise. Therefore, the vulnerability of agriculture, fisheries, and coastal ecosystems will likely increase. 
The studies reviewed suggest that climate change could have both positive and negative impacts on 
crop production. The net effects on yield of wet season rice will be minor compared to early wet 
season rice, dry season rice, and wheat, for which the net effects are likely to be significantly negative. 
The combined impact of climatic and environmental change (especially salinity) on these crops is 
likely to be considerable by mid- to late-century. The general conclusion, then, is that the livelihoods 
of rural households, especially small, semi-subsistence farmers in remote and marginal environments 
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(e.g., coastal, flood-prone, and salinity-prone areas) will be adversely affected by climate change and 
associated natural hazards and sea-level rise. The question then arises as to the adaptive capacity of 
these vulnerable households. 
 
 
In general terms, vulnerability is “the susceptibility of a system to disturbances determined by 
exposure to perturbations, sensitivity to perturbations, and the capacity to adapt” (Nelson et al. 2007a, 
p. 396). It is a potential threat to an individual or household, an enterprise or an entire regional 
economy, a nation or group of nations, a species or entire ecosystem in response to external influences 
and hazards (Preston and Stafford-Smith 2009). The degree of susceptibility or inability to cope with 
adverse effects of climate variability and extreme events indicates the level of vulnerability (IPCC 
2007a). The level of vulnerability and exposure varies from one society to another and from place to 
place. For instance, despite having similar exposure to sea-level rise, Bangladesh and Florida vary 
substantially in their degree of vulnerability (Smit and Pilifosova 2003; Adger and Vincent 2005).  
Both biophysical and socio-economic vulnerabilities are potentially harmful. Biophysical 
vulnerability is well-aligned with the concepts of hazards, exposures, or risk events, while 
socioeconomic vulnerability is more aligned with the concepts of resilience, coping capacity, and 
adaptive capacity (Preston and Stafford-Smith 2009). While biophysical vulnerability is related to 
external, measurable physical properties (e.g., topography, environment, severity of natural hazards), 
the degree of socio-economic vulnerability depends on internal factors (e.g., household income, social 
networks, and access to information) and external factors (national and international policies and 
cultural practices) (Füssel 2007). 
IPCC (2007a) see vulnerability as a function of exposure, sensitivity, and adaptive capacity. Exposure 
indicates the rate and magnitude of climate change and sensitivity refers to the degree to which a 
system is affected, either adversely or beneficially, by climate-related variables. Thus vulnerability is 
partly related to the magnitude of climate-related-stimuli to which a system is exposed, encompassing 
“all the elements of climate change, including mean climate characteristics, climate variability, and 
the frequency and magnitude of extremes” (IPCC 2001b, p. 6; 2007a). Exposure and sensitivity 
indicate the gross vulnerability of communities and/or systems, driving both social and biophysical 
vulnerabilities, and creating the potential for adverse consequences (Preston and Stafford-Smith 
2009).  
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Adaptation refers to changes in processes, practices, and structures due mainly to experienced and 
anticipated short-term (e.g., frequency and magnitude of extreme events) and long-term (e.g., average 
climate variables) shifts in climate (Smit et al. 2001; Smit and Pilifosova 2003; IPCC 2007a). These 
changes are pursued to reduce risks and potential damage or to enhance benefits (IPCC 2007a; 
AECOM 2010). Adaptation can thus be seen as an action of households, communities, nations, or 
other systems to cope with changing climate, natural hazards, other stresses, or opportunities (Smit 
and Wandel 2006; IPCC 2007a), depending on their capacity to deal with such perturbations (Nelson 
et al. 2007b).  
People have been adapting to a changing climate over the course of human history using a range of 
practices such as crop diversification, irrigation and water management, and disaster risk management 
(Adger et al. 2003; IPCC 2007a). Their vulnerability acts as a driver to motivate people and societies 
to face these challenges (Adger et al. 2003). Adaptation in agriculture is the process of pursuing 
farming objectives (e.g., yield, food security, and profitability) in the context of multifaceted short-
term changes (e.g., market price and climate variability), long-term internal changes (e.g., agricultural 
technologies, inputs, management practices, size of farm, and resource base), and long-term external 
changes (e.g., subsidies, incentives, tariffs, terms of trade, and environmental regulations) (Kandlikar 
and Risbey 2000).  
There are many scales of agricultural adaptation, including the micro scale (e.g., the farm level) and 
the macro scale (e.g., the national level), though intermediate scales (e.g., village, local government) 
can be equally important. Different stakeholders (e.g., farmers, government agencies, and market 
traders) focus on different spatial and temporal scales of agricultural adaptation. In general, adaptation 
is an internally generated response of an agricultural system to external forces (Kandlikar and Risbey 
2000). The success of agricultural adaptation relies on the rate of adjustment to the changing 
circumstances as neither of the circumstances nor the adjustment remain constant, nor are their effects 
independent (Wall and Smit 2005). 
While farmers have always been adapting to climate change and variability, the projected harsher 
future climate and intense weather events will increase the exposure and sensitivity and hence the 
adaptation challenge of vulnerable rural communities in the present century. Hence strong policy 
support for targeted programmes to develop and disseminate suitable adaptation options is needed to 
reduce the projected adverse impacts of climate change. 
25 
 
 
Studies of adaptation to climate change in Bangladesh have generally taken the form of household 
surveys in one or more villages or districts, sometimes subjected to statistical analysis. A number of 
studies have focused on northern drought-prone districts, while others have focused on low-lying or 
coastal districts, especially in the south-west, where the challenges are different. 
Ahmed and Chowdhury (2006) carried out a survey to identify farmers’ adaptation strategies to 
climate change in the drought-prone north-western region of Bangladesh. The most common 
adaptation measures included excavation of ponds, retention of water in the ponds and canals, 
increased irrigation application from deep tubewells developed with government support, providing 
shade for field crops through agroforestry, changes in cropping systems (e.g., mango orchards instead 
of other crops), and strengthening livestock and poultry rearing. Some of these options had some 
success and some were less effective responses to extreme weather events (e.g., droughts) and climate 
variability. It was suggested that both short- and long-term policies need to be adopted to develop and 
disseminate suitable adaptation options. 
FAO (2006) also undertook a survey to explore farmers’ perceptions and adaptation strategies in the 
north-west. Farmers’ perceived changes in the climate included changes in the seasonal cycle and 
rainfall patterns, more frequent droughts, rising temperatures, and shorter winters. Farmers observed 
that production of dry season and early wet season rice, vegetables, and fruit (e.g., mangoes) had been 
affected by seasonal weather variability. Adaptation strategies included changing crop varieties (in 
favour of short-duration and drought-tolerant varieties), changing crops (mangoes instead of field 
crops), homestead gardening, mini-pond excavation, retention of rainwater in canals, moisture 
conservation in the fields, deep tubewell irrigation, supplementary irrigation, and livestock raising. 
However, these strategies were considered insufficient to counter the threat of a harsher future 
climate. The identification of further stress-tolerant measures was considered a prerequisite for long-
term adaptation. It was suggested that improved coordination of government line agencies and 
departments, NGOs, and farmers would improve farmers’ adaptive capacities. 
Alauddin and Sarker (2014) conducted a macro-level survey and applied logit models to investigate 
adaptation of rice farmers in the drought-prone districts. Farmers’ major adaptive strategies included 
changing rice varieties (e.g., to short-duration and drought-tolerant varieties), changing planting date, 
switching to non-rice crops, more irrigation for dry-season rice, and supplementary irrigation of wet- 
and early-wet-season rice. The major drivers of adoption were drought severity and extent of 
groundwater depletion. Farmers’ education level, farm size, access to climate information, 
availability of electricity for irrigation, and agricultural subsidies were also significant factors 
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underpinning farmers’ decision to adapt. The authors concluded that research-driven adaptation 
measures and stronger extension support were required for sustainable agriculture. 
Alam (2015) also conducted a household survey to investigate rice farmers’ adaptation to water 
scarcity in drought-prone areas, employing a multinomial logit regression model. He found that the 
environmental conditions varied substantially between ecosystems, hence understanding of farm-
level adaptation in each environment remained rudimentary. The major factors affecting farmers’ 
adaptation to water scarcity were experience in farming, level of schooling, more secure tenure rights, 
better access to electricity and institutional support, and an awareness of climatic effects. He 
suggested the use of small-scale water harvesting systems at the farm level and the development of 
surface water storage by diverting rivers. 
Other studies have focused on the coastal environment, where salinization, flooding, and sea-level 
rise are the greatest challenges. Pouliotte et al. (2009) explored adaptation to climate change in a 
southwest coastal rural village. It was found that household gardening with saline-tolerant crops, 
livestock raising (goats, chickens, and ducks), and shrimp farming were the most widely adopted 
farming adaptations. Beyond farm-level adaptations, households adjusted their livelihood options by 
taking loans (as money or food), selling or leasing land, working for wages within and beyond the 
village, and reducing food intake. The authors suggested that broader-scale political, economic, and 
cultural support is needed for lasting improvement of well-being under a future climate.  
Saroar (2014) conducted a survey in three villages in the southwest to understand adaptation to 
salinity. With support from formal extension providers (government and non-government), farmers 
had begun cultivating moderatley saline-tolerant non-rice crops demanding less irrigation instead of 
dry-season rice (e.g., sunflower, beans, sesame seed, and watermelon), as well as various home-yard 
or dyke crops such as winter beans, legumes, nuts, and roots. Moreover, the during dry season, large 
numbers of wage workers and small farmers undertook non-farm activities such as capture fishing in 
rivers and canals and collecting both timber and non-timber forest products, such as honey, wax, sea 
grasses, fish, and crabs from the Sundarbans.  
Uddin et al. (2014) surveyed households in three villages in Satkhira District in the south-west and 
applied a choice model to explore farmers’ adaptation to climate change. They reported that, out of 
14 adaptation options considered, the major ones were changing crop varieties (to drought- and 
salinity-tolerant and short-duration varieties), crop diversification, increasing irrigation, 
intercropping, adopting resource-conserving techniques, and undertaking off-farm and non-farm 
wage work. The logit model indicated that age, education, family size, farm size, family income, and 
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involvement in cooperatives were significantly related to self-reported adaptation. Lack of fresh water 
for irrigation, lack of cultivable land, and unpredictable weather were identified as the major 
constraints to coping with environmental degradation.  
Rahman and Pokrant (2015) used a household survey to characterise farmers’ adaptation strategies to 
changing climate in two south-western villages. The common observation of the farmers was of rising 
temperatures, prolonged drought, erratic rainfall, intense rainfall during the late monsoon, and 
increasing soil and water salinity in the dry season. The common adaptation strategies were changes 
in rice varieties and improved shrimp farming practices, in particular, deepening the ponds (gher), 
de-contamination of the base of the gher, raising dykes, cooling the water in the gher by keeping 
aquatic weeds, and renovation of ponds for aquaculture. Other strategies included off- farm wage 
work and non-farm activities (capturing fish, shrimp, post-larvae of shrimp, and crabs, and collecting 
honey) and improving housing.  
Rashid et al. (2014) conducted focus group discussions in two south-western coastal villages to 
understand farmers’ perceptions of climate change and variability and to identify their strategies to 
cope or adapt to the changing context for agriculture. Farmers perceived rising temperatures, more 
unpredictable weather, changes in rainfall patterns, and increased variability in rainfall. The major 
adaptation strategies were the adoption of high-yielding salt-tolerant rice varieties, new crops like 
sesame and mungbean, and rice-fish culture with tilapia, carp, and prawn instead of brackish water 
shrimp. 
Brackish-water shrimp is a major activity in the coastal districts that is both an adaption to and a cause 
of increased salinity. Ahsan (2011) surveyed farmers in 16 randomly selected villages in the coastal 
districts of Satkhira and Bagerhat to explore farmers’ perceptions of the risks of shrimp farming. The 
most commonly perceived risks were infestation of shrimp diseases, lack of disease-free shrimp post-
larvae, exploitation by intermediaries, and uncertain demand for and hence price of shrimp. Farmers’ 
suggested risk-management strategies included stocking post-larvae on time, extension support to 
improve management, and an assured market price. Farmers in the survey intended to stick to shrimp 
farming, in part because it gave higher returns and in part because there were no alternative farming 
options in the region. Farmers generally expected to increase shrimp production through adopting 
improved technologies but a few were pessimistic.   
Anik and Khan (2012) undertook a survey to evaluate farmers’ climate adaptation strategies in the 
low-lying areas of the north-eastern region of Bangladesh. It was observed that local people were 
increasingly changing their livelihoods to face increasing climatic hazards. In total, 16 adaptive 
28 
 
measures were identified, the major ones being crop diversification, floating vegetable gardens, 
changing planting times, increased use of pesticides, duck rearing, cage aquaculture, deepening 
canals, improving houses, and construction of embankments. 
 
The sustainabilty of agriculture in the coastal zone of Bangladesh depends not only on farmers’ 
biophysical vulnerability but on the economic returns to alternative farming options. In particular, the 
role of brackish-water shrimp culture in farming and livelihood systems has received considerable 
attention because of its potentially high returns and its interaction with an increasingly saline 
environment. 
Azad et al. (2009) conducted a broad survey to characterize the existing farming practices in the 
south-western and central coastal zones. In the dry season they observed that, in the south-western 
zone, a few farmers (17.5 %) cultured brackish water shrimp in the nearby canals and rivers along 
with dry season rice in the fields, but none of the farmers in the central coastal zone cultured brackish-
water shrimp due to reduced flows of tidal water. Farmers in the central coastal zone cultivated dry 
season rice, vegetables, and watermelons in the ghers or kept the land fallow during the dry season. 
Besides, about 22% of farmers in the south-west and 85% in the central zone grew vegetables on the 
dykes of the gher during the dry season.  
In the wet season, Azad et al. (2009) found that about 75% of farmers in the south-western zone and 
98% in the central zone cultured fresh-water shrimp in their low-lying land. Furthermore, about 68% 
of farmers in the south-west and 75% in the central zone grew wet-season rice and fresh-water shrimp 
together in the gher in this season. However, over a quarter of farmers (27.5 %) were reluctant to 
grow rice in the gher in the wet season as they believed ploughing the land for transplanting wet 
season rice makes the water turbid which is harmful to the freshwater shrimp.   
Alam et al. (2007) surveyed farm households in Shyamnagar Upazila of Satkhira District to assess 
the costs and returns of brackish water shrimp farming. Black tiger shrimp (Penaeus monodon) 
accounted for 44% of the total biomass, other shrimp species for 23%, and finfish for 33%. On 
average, shrimp farming was highly profitable, returning a gross income of BDT 50,000/ha and a net 
income of BDT 40,300/ha. The profitability of shrimp farming was affected by fluctuation in yields 
due to diseases, and fluctuation in prices. In particular, the yield of black tiger shrimp varied from 7 
to 455 kg/ha, with a mean of 146 kg/ha, under multi-stock and multi-harvest methods.  
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Ahmed et al. (2008a) evaluated the economic viability of integrated shrimp-rice-fish farming in the 
south-west. They observed that 85% of the surveyed households adopted this integrated system. In 
the dry season (January to April) about 87% of farmers cultivated dry season rice in the shallow part 
of the ghers, while the trenches around the edge were used for culturing freshwater fish, primarily for 
home consumption. The annual gross return averaged USD 2,320 per ha of gher and the net return 
USD 978 per ha. Besides, 82% of farm households increased their income, food security, and ability 
to meet their basic needs through various on-farm and off-farm activities, including shrimp farming, 
fish production, rice production, dyke cropping, livestock rearing, fishing, and petty business.  
Ahmed et al. (2010) conducted a study to measure the profitability of prawn, fish, and rice farming 
in the southwestern coastal district of Bagerhat. It was found that large farmers earned an annual net 
return of USD 2,426/ha, medium farms USD 1,798/ha, and small farms USD 1,420/ha from an 
integrated rice-fish-prawn farming system. Adopting this system in place of conventional rice 
farming, as well as planting vegetables on the dykes, was a significant improvement in farming 
practice; farmers became food secure and farm income increased. As a result, 100% of large farmers 
improved their livelihoods, 95% of medium farmers, and 88% of small farmers. The status of rural 
women also improved.  
Kanij and Miah (2011) also surveyed farmers in two villages in Dacope Upazila of Khulna District 
to assess the relative profitability of rice and shrimp farming. They found that both wet-season rice 
and dry-season shrimp farming were profitable, but shrimp gave a much higher net income per ha. 
However, in practice, shrimp farming was very risky because of frequent disease infestations. 
Moreover, the adverse effects of shrimp culture on soil, water, and the general environment was an 
issue of concern. Nevertheless, there was ample scope to increase production of both rice and shrimp 
through adopting saline-tolerant rice varieties and improved cultural practices. 
Rahman et al. (2011) collected cross-sectional farm-level data from a village in Khulna District to 
evaluate the performance of an integrated rice-fish-freshwater shrimp farming system. It was found 
that there are economies of scale in this farming system. The diversification involved in combining 
the different elements had a significant impact on the level of technical efficiency compared with a 
shrimp-only system. The level of technical efficiency of the integrated system was 68%, implying a 
substantial potential to improve the efficiency of the system. It was found that farmer’s level of 
education and female labour input significantly improved technical efficiency. The writers concluded 
that policy support for improving the rice-carp combination in the wet season, along with increased 
investment in education and the creation of a hired labour market for women would improve technical 
efficiency. 
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Karim et al. (2014) conducted a household survey to assess the productivity and profitability of 
shrimp farming under some adaptation options in 10 sub-districts of the southwestern region. The 
impacts of three new technologies were assessed: two Modified Traditional Technologies (MTT1 and 
MTT2) and a Closed System Technology (CST). It was observed that improved shrimp farming gave 
significantly higher net returns than traditional farms. The CST gave more than double the returns of 
even the two modified technologies (MTT1 and MTT2). There was no significant difference in 
financial benefit between MTT1 and MTT2 technologies. The key influences of higher economic 
returns for CST farms included improvements in feeding, proper stocking density, gher size, and 
lower incidence of white spot syndrome virus. Application of lime and various supplementary feeds 
increased the returns of both for the MTTs and traditional farms. 
Gain et al. (2015) conducted a household survey to assess the socioeconomic impacts of shrimp 
culture in the south-west. It was observed that fresh-water shrimp farming is a profitable enterprise 
(e.g., net profit averaged BDT 25,924/ha in Khulna and BDT 17,742/ha in Bagerhat) and plays an 
important role in improving rural livelihoods. Higher market price and the opportunity for increasing 
farm income are the key driver of shrimp farming in the area. The key constraints to shrimp culture 
were lack of capital, lack of good-quality post-larvae from hatcheries and the wild, lack of knowledge, 
the prevalence of diseases, and inadequate extension services. The authors concluded that adequate 
policy support to ensure the availability of credit, extension support, and good-quality post-larvae 
would improve the sustainability of shrimp farming.   
 
Sustainability has many definitions but all attempt to incorporate economic, social, and environmental 
dimensions. Thus the goal of agricultural sustainability can be stated as the long-term maintenance 
of agricultural productivity, profitability, and natural resources in order to ensure food security and 
the wellbeing of farming communities. Indicators of agricultural sustainability focus on the level and 
stability (or risk) of farm productivity, household food security, farm profitability, resilience or 
adaptive capacity in the face of adverse trends and shocks, and maintenance of the production 
environment. Economic sustainability of agriculture has often been assessed through enterprise and 
whole-farm budgeting based on historical or cross-section data. However, sustainability is a forward-
looking concept, requiring projections of future trends in the key indicators. The integration of expert 
opinion (of both farmers and scientists) and the careful use of biophysical simulation to underpin 
projections of economic outcomes can help to quantify the trade-offs between profitability, risk, 
diversification, environmental impact, and long-term (i.e., decades-long) persistence of agricultural 
systems.  
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The review makes clear that climate change and associated environmental change (particularly 
salinization) are the greatest threats to agricultural sustainability in low-lying coastal regions such as 
much of Bangladesh. A number of studies have been undertaken of the impacts of climate change on 
agriculture in Bangladesh. However, these are limited by the lack of high-resolution global circulation 
models for Bangladesh as well as by the scarcity of the required data for generating reliable scenarios 
of climate change impacts (Hossain et al. 2010). Most previous studies have applied cropping systems 
model such as DSSAT, ORYZA, and CROPWAT to estimate the sensitivity of rice and wheat 
productivity to projected temperature, precipitation, and atmospheric carbon dioxide, based on 
generic farming practices. Some studies also assessed the impacts on cropping of floods, droughts, 
sea-level rise, and salinity. However, there is lack of modelling studies based on farm-specific 
contexts that assess the impacts of climate and salinity change on cropping system performance under 
both farmers’ current management practices and possible adaptation options.   
Previous agro-economic studies of cropping systems in coastal Bangladesh have focused on the 
impacts of brackish water shrimp farming on profitability, food security, and salinity intrusion. These 
studies mostly relied on tabular analysis of cross-sectional data. Some assessed the profitability of 
integrated rice-fish/shrimp systems relative to shrimp farming alone. However, none of the previous 
studies have incorporated crop simulation or conducted scenario analysis to assess the effects of 
climate change and salinization on the productivity, profitability, and risks of current and potential 
future cropping systems.  
Agricultural adaptation is the process of pursuing farming objectives under changed conditions, 
including changes in climate, the farm environment, and markets. Previous adaptation studies in 
coastal Bangladesh have analysed farmers’ perceptions of climate change, technology adoption, and 
constraints to adaptation, often using descriptive statistics. Some recent adaptation studies applied 
econometric techniques to identify the factors influencing farmers’ adaptation decisions. However, 
there remains a need to evaluate the dynamics of adaptation at the farm level, including not just 
farmers’ perceptions of climatic and environmental but an agro-economic assessment current 
adaptation strategies and potential future adaptation options.  
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THE RESEARCH CONTEXT 
 
 
 
Bangladesh is a very densely populated (976 persons/km2), small (147,570 km2), developing, South 
Asian country, inhabited by 149.77 million people in 2011 (BBS 2014a). Figure 3.1 shows the 
physical geography of Bangladesh. The country lies in the north-eastern part of South Asia, between 
88o10' and 92o41' east longitude and between 20o34' and 26o38' north latitude. It is surrounded by 
India on the west, north, and northeast, by Myanmar in the south-east, and the Bay of Bengal in the 
south. The country incorporates the largest deltaic floodplain in the world, while the average elevation 
is about 10 metres above sea level. It consists  mostly of fertile plains and  is traversed by several 
large  rivers, including the Meghna,  Padma,  Jamuna,  Brahmaputra,  Teesta,  Surma and  Karnafuli 
rivers and their 230 tributaries and distributaries, with a total length of about 24,140 kilometres. The 
alluvial soil that prevails throughout the country is continuously being enriched through heavy silt 
deposition by rivers during the rainy season (BBS 2014a).  
Topographically, Bangladesh is divided into alluvial plains and hilly areas. More than 90% of the 
total area is plains. However, there is variation in the nature and extent of the plains. Hence the land 
is divided into five distinct categories based on the level of inundation in the wet season. First there 
is the high land which is above the normal flood level and is suitable for growing vegetables and 
perennial dryland crops. Second is the medium high land, which is inundated to 90 cm depth in the 
wet season. This category is further sub-divided into: (i) medium high land 1, which is normally 
flooded up to 30 cm depth, and (ii) medium high land 2, which is normally flooded to 30-90 cm depth. 
This type of land is suitable for cultivating broadcast or transplanted early wet-season rice, jute, 
transplanted wet-season rice, and some early dry-season crops. Third is land usually inundated to a 
depth of 90-180 cm during the wet season, which is classified as medium low land. This is mainly 
suitable for growing transplanted early wet-season and wet-season rice. Fourth, land which is 
generally flooded to a depth of 180-300 cm is classified as low land. This may be used for cultivating 
broadcast early wet-season and transplanted wet-season rice. Finally, land inundated to a depth 
greater than 300 cm is classified as very low land. This land may not be suitable for growing wet-
season rice or other crops but farmers use it for the cultivation of dry-season rice. Obviously, the 
depth of flooding for the different land categories can vary from year-to-year (BBS 2014b). 
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Figure 3.1: Physical geography of Bangladesh (Source: Wikipedia) 
Bangladesh experiences a sub-tropical monsoonal climate. The mean annual temperature is about 
26°C and the mean annual rainfall is 2,540 mm. There are six recognised seasons (spring, summer, 
monsoon, autumn, late autumn, and winter). However, the winter, summer, and monsoon seasons are 
the most prominent. Winter starts in November and ends in February. The winter season is quite 
pleasant because the temperature ranges from a minimum of 7-13ºC to a maximum of 24-31ºC, 
without much fluctuation. The maximum temperature recorded in summer months is 37ºC, although 
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in some areas it occasionally rises to 41ºC or above. The monsoon period is July to October; about 
80% of the total rainfall is recorded in this period. Annual rainfall registration ranges from 1,429 to 
4,338 mm, with some spatial and seasonal variation. The highest rainfall is recorded in the south-
eastern coastal district of Chittagong and the northern-eastern district of Sylhet. Less rain is recorded 
in the western and northern parts of the country (BBS 2014a).  
 
The trend of population growth was exceptionally high during the last century, but the growth rate 
decreased from 2.32% in 1981 to 1.34% in 2011 (Table 3.1 and Figure 3.2). The country has achieved 
moderate economic growth in the current century, which is projected to continue into the future 
(Figure 3.3). Hence GNI per capita has risen to USD 3,191 in 2014 (at 2011 PPP) from USD 1,483 
in 1999 (at 1999 PPP). This economic growth has translated into improved welfare of the population. 
The incidence of poverty has declined from 57% in 1991 to 40% in 2005 and 25% in 2014. Life 
expectancy at birth has increased from 58.9 years in 1999 to 71.6 years in 2014. Over the same period 
child mortality has declined considerably and gender parity in primary education has been achieved 
(MoEF 2009; BER 2015). Hence the human development index increased to 0.570 in 2014 from 
0.386 in 1990, with 1.64% average annual growth (UNDP 2001, 2015).   
Despite these recent achievements, the country still belongs to the medium human development 
category and is ranked 142 out of 187 countries or territories worldwide (UNDP 2015). The 
government is aiming for the country to be a middle income economy by 2020. However, there are 
two major challenges to achieving this goal. First, 50 million people, mostly in remote and 
ecologically fragile areas (e.g., coastal areas), still live in poverty. Second, climate change has become 
an added impediment to achieving the high rates of economic growth, which is needed to achieve a 
sustained reduction in poverty (MoEF 2009).  
Table 3.1: Population trend in Bangladesh, 1981 to 2011 
Year 1974 1982 1991 2001 2011 
Population  (millions) 71.5 87.1 106.3 124.4 142.3 
Population change (millions)  15.6 19.2 18 18 
Population increase (%)  22 22 17 14 
Average annual increase (millions)  1.9 1.9 1.8 1.8 
Average annual growth rate (%)  2.32 2.01 1.58 1.34 
Source: BBS (2011a) 
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Figure 3.2: Population trend in Bangladesh, 1901 to 2011 
Source: BBS (2011a) 
 
Figure 3.3 : Real GDP growth for Bangladesh between1990-2014, and projected growth until 2020  
Source: IMF (2008, 2015)  
Bangladesh’s agriculture is in the process of transformation as the country makes steady progress 
towards industrialization (WB 2007). The contribution of agriculture to national GDP has been 
decreasing, while the share of industry has been increasing (Figure 3.4). However, the agricultural 
sector is still a pillar of the economy as the source of staple foods and nutrition for the population, as 
well as being an important source of raw materials for some industries. Agriculture contributed 16% 
to the national GDP in 2014-15 (with the crop sector accounting for about 9% of GDP) and about 
4.5% of export earnings. The GDP growth of some service sectors, for instance wholesale and retail 
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trade, hotels and restaurants, transportation and communication, is also dependent on the agricultural 
sector (BBS 2014a; BER 2015). Furthermore, about 46% of the total national workforce is employed 
in the agriculture, forestry and fisheries sectors, while about 77% of all households live in rural areas 
where their livelihoods are directly or indirectly dependent on agriculture (BBS 2014a). Based on the 
2008 agricultural census, on average about 59% of rural households are farm households and 34% 
are agricultural labour households. Of the total rural wage workers, nearly 90% work as off-farm 
labourers in their own districts, while 4% work as non-farm workers and 6% work in other districts 
(BBS 2014a).  The agricultural sector thus has paramount significance for the country in ensuring 
food security, development of the economy, and the livelihoods of rural people.  
 
Figure 3.4 : Trends of the contribution to GDP of Bangladesh of the agriculture, industry and 
service sectors during 1980-2015 at constant prices 
Source: BER (2015) 
The Government of Bangladesh has given special attention to the agricultural sector in order to 
achieve food security and reduce poverty. Innovations for improving agricultural production have 
included the adoption of high-yielding crop varieties (HYV), agricultural mechanization, crop 
diversification, the application of chemical fertilizers, insecticides and pesticides, and increased 
irrigation. Cropping intensity in the country has risen from 148% in 1975-76 to 190% in 2012-13, 
while the annual agricultural growth has increased to 2.5% in 2012-13 from 2% during the previous 
four decades. Total food grain production (rice and wheat) in the financial year 2013-14 was 35.69 
million tonnes, which is about three times higher than that for 1975-76, when 12.56 million tons of 
rice was produced (SFYP 2011; BBS 2014a, 2014b). 
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Despite a steady growth in food production, the country is still facing persistent challenges to its food 
security and every year needs to import an average of 3.45 million tonnes food grain. This comprises, 
on average, 3.36 million tons of wheat and 0.09 million tonnes of rice (Faisal and Parveen 2004; 
SFYP 2011). Moreover, the population of the country is projected to increase by about 20 million by 
2025 and a further 23 million by 2050 from the current 159 million (WB 2016a). Therefore, to be 
self-sufficient, the country will  need to produce an additional 8 million tonnes of food grain by 2030 
and a further 14 million tonnes by 2050, relative to the base year 2005-2006 when 28 million tonnes 
were produced (Hussain 2011). With the current cropping intensity of 190% there is limited 
opportunity for increasing the production of food crops through area expansion in the traditional crop-
growing regions. The government has therefore given special attention to addressing the food security 
challenge through increasing production both vertically (i.e., by increased cropping intensity and 
adoption of modern technologies) and horizontally (i.e., area increase). Both vertical and horizontal 
expansion will focus on non-traditional areas where cropping is less intensive, such as the coastal 
zone which has a cropping intensity of about 174% (BBS 2014b). In this context,  the government in 
its sixth five year plan (2011-2015) has given special importance to the development  of stress-tolerant 
crops and cultivars (i.e., incorporating saline, drought, and submergence tolerance) and improved 
technologies suitable for adoption  in the more ecologically vulnerable areas of the country, such as 
coastal, flood-prone, and drought-prone areas (SFYP 2011).   
 
 
 
Despite being a largely flat and low-lying country, the land area of Bangladesh has been classified 
into thirty different Agro-Ecological Zones (AEZ), which are grouped into twenty major 
physiographic units (Figure 3.5) An Agro-Ecological Zone (AEZ) is a land resource mapping unit. 
The area within a specific zone has similar characteristics related to climate, landform, soils and 
environmental conditions, and a similar range of production potentials and constraints (FAO 1996). 
The AEZ map in Figure 3.5 is based on agro-ecological, soil, physiographic, and climatic factors, for 
typifying agricultural potential and growing periods (BBS 2014a). The study reported here was 
undertaken entirely in AEZ 13 – the Ganges Tidal Floodplain – indicated in light blue and adjacent 
to the Sundarban Mangrove Forest, shown in dark green. 
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Figure 3.5: Agro-Ecological Zones of Bangladesh,  
Source: http://www.mappery.com/map-of/Bangladesh-Agro-Ecological-Zones-Map  
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Agriculture in Bangladesh is largely undertaken on small farms. Based on the 2008 agricultural 
census, the majority of rural households in Bangladesh (59%) are farm households and 37% are 
landless households which mainly depend on labouring. Farms in Bangladesh are mostly (84%) 
smallholdings of one hectare or less, some (14%) are medium farms between one and three hectares, 
while a small proportion (2%) are large farms with three hectares or more. In reference to land tenure, 
about 60% of farmers are land owners, 37% are owner-tenants, and 3% are tenant farmers. On 
average, the operating area of a farm household is 0.6 ha, and most small, owner-tenants and tenant 
farmers operate under a range of resource, financial, and management constraints (BBS 2014b).    
Farming systems in Bangladesh typically comprise a combination of crop cultivation, livestock 
rearing, fish and shrimp aquaculture, agro-forestry, and homestead gardening, with the different 
components and sub-systems having a high degree of inter-dependency (Rahman et al. 1989). In 
addition, off- and non-farm activities undertaken by household members also make a contribution to 
household livelihoods and thus affect the farming system. Individual farms have distinct 
characteristics which reflect resource ownership and family situation.  
Bangladesh farmers typically opt for low-input and risk-averse farming systems, considering their 
agro-ecological and socio-economic conditions, with little or no irrigation and in the face of climate 
variability (Mainuddin et al. 2011). Rice is the predominant crop, being grown in three seasons of the 
year. Rice is the staple food and in 2011-12 occupied 77% of the total cropped area. Table 3.2 
provides the local terms for the three seasons and the types of rice grown in each. Total rice production 
in Bangladesh has been steadily increasing over the last two decades, both wet-season rice and dry-
season rice, with the biggest increase coming following the spike in global food prices in 2008. 
However, production of early wet-season rice has been decreasing, as the area has been replaced by 
dry-season rice with higher yield potential (Figure 3.6).  
Table 3.2: Rice-growing seasons and types of rice 
Season Period Bangla term Type of rice 
Early wet season February-June Kharif 1 (or pre-Kharif) Aus 
Wet season June-October Kharif 2 (or Kharif) Aman - transplanted (T. Aman) 
Aman - broadcast (B. Aman) 
Dry season October-March Rabi Boro 
Source: FAO and DAE (2009) 
40 
 
 
Figure 3.6: Rice area and total unhusked rice production in Bangladesh (1995-2010) 
Source: BBS (2010; 2014a)  
A range of other crops is grown but all are dwarfed by rice. Vegetables including potatoes are ranked 
second in terms of planted area (3.1%) among the food crops, being grown primarily as a dry-season 
crop. Wheat is the second most important cereal crop, accounting for 3% of the area planted to food 
crops, and being grown mainly in the north-western and some parts of the southern region of the 
country in the dry season. Jute is a major cash crop, grown in the early wet season after harvesting 
different rabi crops and planted on 5.1% of the total cropped area in 2011-12. Among the oilseed 
crops, mustard, and among condiments and spices, chilli and onion, are the major crops. For pulses, 
lentil and grass-pea are the major crops, while for winter vegetables, eggplant, pumpkin, cauliflower, 
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cabbage, tomato, radish, and beans are the major crops. Maize production has also been increasing 
across traditional wheat-growing regions over the last decade (Figure 3.7).  
 
Figure 3.7: Area (%) planted to major crops in Bangladesh in 2013-14 
Source: BBS (2014b) 
Table 3.3 shows that about 80% of the total cropped area of the country was planted to rainfed crops 
in 1983-84. However, after the introduction of irrigated rice and other irrigated dry-season crops, by 
2008 the rainfed cropping area decreased to only 37% of the total cropped area. However, this 
increased again to 53% of total cropped area in 2012-13, due mainly to a large increase in the rain-
fed wet-season rice area in 2012-13 compared to 2008 (BBS 2014a).  Early wet-season (EWS) and 
wet-season (WS) rice are grown in the rainfed environment, while dry-season (DS) rice is cultivated 
mainly under irrigated conditions. In 2013-2014 supplementary irrigation was applied to about 14% 
of the WS rice area, particularly in drought-prone areas in the northwest of the country. Only 3.6% 
of total DS rice area was rainfed, particularly in the coastal belt (BBS 2014b).    
The cropping pattern is the sequence of crops grown in a given field over a 12 month period; it can 
be single, multiple, mixed, and ratoon cropping (Rahman et al. 1989). The selection of crops in a 
cropping pattern depends on climatic factors (temperature, rainfall, evapotranspiration, and sunshine 
hours), soil condition (topography, fertility, and potential toxicity), and each crop’s potential 
productivity. The humid climate and well-structured fertile soil, with plenty of surface and 
underground water, make much of the country well-suited to growing a range of tropical and 
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subtropical crops throughout the year (Hossain 1991; Conway 2000). However, the choice of crops 
is also influenced by the changing environment, modern technologies, market access, prices, 
availability of inputs, labour intensity, topography, land tenure systems, and the relative profitability 
of crops (Hossain 1991).  
Table 3.3: Rainfed and irrigated cropped areas in Bangladesh over the period 1983 to 2008  
Agriculture 
census 
Total 
cropped area 
(million ha) 
Rainfed cropped area Irrigated cropped area 
million ha % of total 
cropped area 
million ha % of total 
cropped area 
1983-84 13.18 10.54 80 2.64 20 
1996 11.59 6.03 52 5.56 48 
2008 12.19 4.51 37 7.68 63 
Source: BBS (2014b)  
In 2010-2011), the dominant cropping system was three consecutive crops (wet-season rice followed 
by dry-season rice and then other non-rice crops), accounting for 37% of the cropped area. The next 
most important cropping systems were wet-season rice followed by other non-rice crops and fallow 
(34%), and wet-season rice followed by dry-season rice and fallow (21%). Triple cropping with rice 
(6%) and rice mono-cropping (2%) were less significant cropping patterns (Figure 3.8).   
 
Figure 3.8: Area (%) under different cropping patterns in 2010-11 
Source: Gumma et al. (2012) 
The “Green Revolution” started in the early 1960s in Asia as the basis for the intensification of food 
production through the adoption of modern technologies, including high-yielding varieties (HYVs), 
chemical fertilizers, and irrigation (e.g., shallow tubewells, deep tubewells, and low-lift pumps). The 
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introduction of HYVs of rice (e.g., the varieties IR-5, IR-8 and IR-20) and wheat in the latter part of 
the 1960s, in combination with the use of irrigation and chemical fertilizers, formed the basis for the 
Green Revolution in Bangladesh (Alauddiin and Tisdell 1991).  
Before the Green Revolution, the two most common cropping systems in the “high land” ecosystem 
in Bangladesh were direct-seeded early wet-season rice (Aus) followed by dry-season (rabi) crops, 
and Aus rice followed by wet-season rice (T. Aman). In the rainfed lowland ecosystem, farmers would 
practise Aus/jute followed by T. Aman and rabi crops, and Aus/jute followed by T. Aman and fallow. 
In drought-prone rainfed lowlands, the dominant cropping systems were T. Aman followed by fallow 
and T. Aman followed by rabi crops. In saline rainfed lowlands, farmers practised only T. Aman 
followed by fallow. Finally, in the deep-water rice ecosystem, the cropping system was Aus followed 
by B. Aman1 and fallow or rabi crops (Ali et al. 2012).  
After three decades of the Green Revolution, the farming systems in Bangladesh had significantly 
changed. By 2013-14, HYVs had been adopted in 98.9% of the DS rice area, 72.4% of the WS rice 
area, and 75.9% of the EWS rice area (BBS 2014b). All farmers were applying chemical fertilizers, 
and the use of small two-wheel tractors for land preparation instead of animal power was widespread 
(Hobbs and Osmanzai 2011). Farmers mostly practised sole cropping with rice or other crops across 
the country, except in the south-eastern coastal zone where grass-pea was grown as a mixed crop with 
WS rice. Irrigated DS rice cultivation has been mainly responsible for the rapid increase in rice 
production and rice self-sufficiency (Hobbs and Osmanzai 2011). 
 
In 1996, the World Food Summit defined “food security as existing when all people, at all times, have 
physical and economic access to sufficient, safe and nutritious food to meet their dietary needs, and 
their food preferences are met for an active and healthy life” (Met-Office 2011, p. 89). Food security 
not only depends on the food production stocks, but also takes account of future food requirements, 
levels of income, commodity prices, and a complex interaction between food availability, 
accessibility, utilization, stability of food supplies, and socio-economic policy (ESCAP 2009; Yu et 
al. 2010; Met-Office 2011). Food availability relates to the sufficiency of food of appropriate quality.  
Food accessibility requires individuals having access to resources for acquiring food for a nutritious 
diet. Food utilization is the consumption of food through an adequate diet, clean water, and sanitation.  
                                                          
1 Broadcast Aman rice is monsoon rice, planted early in the wet season in the deep-water rice 
ecosystem. 
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Stability indicates access to adequate food at all times, irrespective of any climatic, economic, or 
seasonal shocks (ESCAP 2009). 
Within Bangladesh, it is the availability of sufficient rice grain for household consumption that is the 
key indicator of food security. Rice is the staple food and provides 80% of dietary energy (Nabi 2008). 
The inability to meet the household’s food requirement from its own production is a social stigma for 
farming families. In addition, farmers store rice in their houses and sell it to meet year-round 
household and agricultural expenses. Fish and livestock products (eggs, meat, and milk) are also 
culturally very important as a source of protein in Bangladesh. National policies and programs have 
strengthened support for increasing the production of crops, fish, and livestock (Mainuddin et al. 
2011).  
Food security in Bangladesh is dependent on production from within the country, combined with the 
import of some food products. Figure 3.9 shows that total food grain production has been steadily 
increasing due to a rise in rice production. However, the import of food grains has also been increasing 
due to a continuous production decline of the country’s second most important cereal, wheat. The 
import of rice has shown a sharp decline from 2007-08, while the import of wheat has shown a 
significant increase. The country is moving towards self-sufficiency in rice production but has a 
significant deficiency in some other foods – 70% of the requirement for pulses is imported and 66% 
of the edible oil requirement.  
It has been estimated that over  60 million people within Bangladesh  lack  access to sufficient food, 
due mainly to their lack of purchasing power (i.e., their poverty) and other factors, including seasonal 
and spatial dimensions of market access, lack of market functionality, and social factors (e.g., gender 
issues) (Mainuddin et al. 2011). It is estimated that 20-34% of the population is undernourished (Met-
Office 2011). It has been projected that the potential impact of climate change may further jeopardize 
food security within the country by reducing total rice production by up to 80 million tonnes over the 
period 2005-50 period (Yu et al. 2010). IFPRI has also reported that, on average, daily kilocalorie 
intake is likely to decline by up to 8% in 2080 due to the impact of climate change (Nelson et al. 
2010a). It has also been projected that the decline in availability of kilocalories may be greater in the 
coastal zones, where floods and salinity could worsen food security over the next 40 years (Met-
Office 2011). 
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Figure 3.9: Trends of food grain production and grain imports in Bangladesh 
Source: BBS (2014a)    
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The coastal zone of Bangladesh covers about 32% of the total area (47,551 sq. km) (BBS, 2014a; 
Figure 3.10). This zone consists of 147 upazilas (sub-districts) in 19 districts.2 About 48 upazilas in 
12 districts are exposed to the Bay of Bengal or lower estuaries as “exposed coast”. The remaining 
coastal upazilas and districts are considered “interior coast” (Bala and Hossain, 2010). The coastline 
is about 710 km long, following the Bay of Bengal (CZP 2005).  The exposed coastal zone is highly 
vulnerable to various hazards and constraints, including cyclones and storm surges, floods, drought, 
erosion, salinity intrusion, and a lack of drinking water (Bala and Hossain 2010). However, the zone 
is both ecologically and economically important for the country, because the area has the World 
Heritage Sundarban mangrove forest, renewable and non-renewable energy resources, and marine 
resources (CDS 2006; Bala and Hossain 2010).  
The coastal zone includes 1.7 million ha of the he total of 9.5 million ha of net cultivated land area in 
Bangladesh (Bala and Hossain 2010; Saleque et al. 2010). Of this cultivated coastal land, about 63% 
has already been affected by various degrees of salinity, while 26.7% of previously non-saline area 
has become affected by salinity during the period 1973-2009. Of the total salinity-affected area, about 
31% has soil salinity levels of 2-4 dS/m, 26% has levels of 4.1-8 dS/m, 18% has levels of 8.1-12 
dS/m, 15% has levels of 12.1-16 dS/m, and 10% has levels above 16 dS/m (SRDI 2012). Soil salinity 
levels begin to increase from December and reach a maximum during March-April. They remain 
below 4 ds/m during the wet season (Saleque et al. 2010). About 50% of the coastal land area faces 
different degrees of inundation, and this situation has been predicted to become worse as a result of 
future climate change (SRDI 2012). While government policy supports the need for sustainable 
intensification of crop production in this region (CDS 2006; Bala and Hossain 2010), cropping 
intensification is hindered by extreme weather events (cyclones, storm surges, heavy rain, and 
droughts), soil erosion, a lack of physical infrastructure, a lack of fresh water for irrigation, and a lack 
of suitable technologies.   
Despite these constraints, coastal land is mostly used for crop cultivation, in particular rice. Farmers 
have traditionally grown low-yielding traditional rice varieties in the wet season. However, more 
recently, up to 67% of the rice area has been planted with modern varieties (BBS 2014b). Land with 
                                                          
2 The districts are Bagerhat, Barguna, Barisal, Bhola, Chandpur, Chittagong, Cox’s Bazar, Feni, 
Gopalganj, Jessore, Jhalokati, Khulna, Lakshmipur, Narail, Noakhali, Patuakhali, Pirojpur, Satkhira 
and Shariatpur.    
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high soil salinity levels and adequate access to tidal saline water is used for brackish water shrimp 
culture in the dry season. This takes place in diked enclosures for shrimp culture locally known as 
gher. Particularly in the south-west coastal zone, the same land is used for rice in the wet season and 
converted to gher in the dry season. The area under integrated fresh-water shrimp–fish–rice farming 
has been increasing in coastal land with low levels of salinity as a means of reducing farming risks 
and environmental hazards and increasing farm income (Ahmed et al. 2008a). In addition, homestead 
gardening and dike cropping are important farm enterprises for household food security and to 
generate some cash income (Ahmed et al. 2008a; Ahmed et al. 2010). Livestock is also an integral 
part of farming systems, providing a source of food and cash for  households, but the number of 
livestock being raised  has decreased in the coastal areas due to a lack of feed (rice straw and grass) 
and the impact of natural calamities (Khan et al. 2009). 
 
Figure 3.10: Coastal zone of Bangladesh,  
Source: http://www.fao.org/docrep/010/ag124e/AG124E08.gif 
The cropping intensity in the coastal areas is about 174%, below the average in the traditional rice-
growing areas of 207%, with nearly one million hectares of arable land in coastal areas remaining 
fallow during the dry season. This is due mainly to the scarcity of fresh water for irrigation, higher 
soil salinity levels, and even the lack of access to saline tidal water for shrimp culture (Saleque et al. 
2010; BBS 2014b). Conversely, the land in other regions of the country is mostly used in the dry 
season for the cultivation of irrigated rice and other crops due to adequate access to sub-surface 
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irrigation water (SFYP 2011). Table 3.4 shows that the land-use pattern in the coastal region is 
significantly influenced by the level of soil salinity and the availability of irrigation water for dry-
season cropping. The proportion of fallow land increases with the rise in soil salinity. Rice-rice-fallow 
is the most widely-practised cropping system (55%) for land with salinity levels of 2.0-8.0 dS/m.  
However, this decreases to 20% for land with salinity levels of 8.1-12.0 dS/m. Conversely, 40% of 
the land with salinity levels of 8.1-12 dS/m is used for a single crop of WS rice, and 38% of land with 
above 12.1 dS/m.  Around 57% of the land with salinity levels above 12.1 dS/m is used for shrimp 
culture, whether in rotation with WS rice or on its own. This decreases to 30% where the salinity 
level is 8.1-12 dS/m.  
Table 3.4: Land use pattern in areas with varying salinity levels in Khulna District  
Salinity 
(dS/m) 
Wet season Dry season Early wet season % of total 
cropped area 
2.0-8.0 
Rice Rice Fallow 55 
Rice Vegetables/wheat Rice/jute 28 
Rice Shrimp/fallow Rice 17 
8.1-12.0 
Rice Rice Fallow 20 
Rice Fallow Fallow 40 
Rice Shrimp Shrimp 20 
Shrimp Rice Shrimp 10 
Rice Sesame Fallow 10 
> 12.1 
Rice Fallow Rice 5 
Rice Shrimp Shrimp 17 
Rice Fallow Fallow 38 
Shrimp Rice Shrimp 12 
Fallow Shrimp Shrimp 28 
Source: SRDI (2012, pp 16-18) 
 
 Rice is main crop in the coastal zone, occupying about 95% of the total area of major crops (rice, 
wheat, maize, and jute). Modern rice varieties were grown on 55% of the WS rice area and 64% of 
the EWS area in 2013-2014. This is significantly lower than the national average for the WS (77%) 
and EWS (76%) crops. However, the adoption rate of modern varieties in the DS in coastal areas 
(98%) is consistent with the national average (99%) in 2013-2014 (BBS 2014b). In 2013-14, WS rice 
accounted for about 59% of the annual rice area in the coastal zone, DS rice for 24%, and EWS rice 
for 17%. Nationally, WS rice accounts for 49% of the area and DS rice for 42% (Table 3.5).  
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On average, the coastal region contributes about 21% of national rice production, but this varies from 
season to season and year to year, depending on weather conditions. The coastal region accounted for 
40% of national EWS rice (Aus) production in 2013-14, 29% of national WS rice (Aman) production, 
and, despite the lack of irrigation facilities in most coastal districts, the region accounted for about 
14% of national DS rice (Boro) production (Table 3.5). If there could be an expansion of irrigation 
infrastructure to allow an expansion of the area of  irrigated rice cropping in the EWS and DS, as well 
as the adoption of higher-yielding stress-tolerent rice varieties and other improved production 
technologies, it would be anticipated that the coastal region could make a more significant 
contribution to national food security. 
Table 3.5: Contribution of coastal land to total rice production in Bangladesh by season (2011-12) 
Region  
Early wet season Wet season Dry season Total 
Area 
ha x 106 
Product
-ion 
t x106 
Area 
ha x 106 
Product
-ion 
t x106 
Area 
ha x 106 
Product
-ion 
t x106 
Area 
ha x 106 
Product
-ion 
t x106 
Bangladesh 1.1 2.3 5.5 13.0 4.8 19.0 11.4 34.4 
Coastal total 0.5 0.9 1.7 3.8 0.7 2.6 2.9 7.3 
Coastal %  46 40 31 29 15 14 26 21 
Source: BBS (2014b) 
 
Profuse coastal natural resources (tidal saline water and wild post-larvae of shrimp and fish) have 
been widely used for shrimp farming in the coastal zone. Two types of shrimp are cultured, the 
brackish-water black tiger shrimp (Penaeus monodon), locally known as bagda, and the fresh-water 
giant prawn (Macrobrachium rosenbergii), locally called golda. From around 1970 in the south-
western and south-eastern coastal zones, tidal water has been trapped in nearby coastal enclosures for 
shrimp culture, and shrimp culture has also rapidly expanded in modified rice fields, locally known 
as gher (FAO 2005).  
Strong international demand and high prices for both types of shrimp have encouraged farmers to 
increase the shrimp farming area. Shrimp farming has also become very attractive to national leaders, 
international development agencies, and private sector entrepreneurs (Bailey 1988; Neiland et al. 
2001; Ahmed et al. 2008b; Alam and Ahmed 2010; Pokrant 2014). From about 2,000 hectares in 
1980 (FAO 2005)  the area being used for shrimp farming had increased to 203,000 hectares in 2004 
and 275,000 hectares in 2013. The shrimp farming area is mainly concentrated in the southwest 
coastal zone (79%), followed by the southeast (17%) and south-central (4%) coastal zones (FRSS 
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2014). About 76% of the total shrimp farm area uses brackish water for shrimp culture. In 2014 there 
were about 37,400 shrimp farms with an average farm size of 4.5 ha, but over 50% were less than 1 
ha in size (FRSS 2014; Pokrant 2014). 
Farmers culture brackish-water shrimp and fish when the level of salinity in the water is high, during 
the period from January to July. They undertake multiple harvesting of marketable-sized shrimp and 
fish during this period. The culture of under-sized shrimp and fish continues in low-lying areas, 
despite a declining level of salinity during August to December. In the medium-high land, farmers 
culture fresh-water shrimp and fish along with their wet-season rice crops. The fresh-water shrimp 
and fish are harvested in December, along with the remaining brackish-water shrimp and fish (Datta 
et al. 2010). In the southwest coastal area, the shrimp-rice rotation is a widely practised system, while 
a shrimp-salt rotation (salt collection comes from the evaporation of the saline water) and shrimp-
only production are the most common on the southeast coast (Pokrant 2014). 
Shrimp farmers buy shrimp post-larvae from wild and hatchery fry traders who, in turn, rely on 45,000 
seasonal wild shrimp fry collectors operating along the coast, estuaries, and rivers, and 81 shrimp 
hatcheries mainly located in Cox’s Bazar and Khulna. The farmers sell shrimp to large numbers of 
traders who, in turn, supply the large number of shrimp depot owners. The depots sell on to 
independent traders and commission agents who supply processing plants located mainly in Khulna 
and Chittagong. There are some feed companies who supply the feed to thousands of traders, but 
most farmers do not provide processed feed (FAO 2014a; FRSS 2014; Pokrant 2014).  
Shrimp farming has made a considerable contribution to the economy of the country in terms of 
foreign exchange earnings, as well as to the livelihoods of farm families by increasing their income, 
generating employment, and increasing food availability (Azad et al. 2009; Ahmed et al. 2010).  In 
2001-02, about 0.6 million people were employed in the shrimp sector (Islam et al. 2005). The 
cultured species of shrimp are mostly (95%) exported, with brackish water shrimp accounting for the 
greater part of export value (77%), though the export value of freshwater shrimp (23%) has been 
growing steadily in recent times (FRSS 2014; Pokrant 2014). Shrimp is the second most important 
export commodity for Bangladesh, next to garments, being valued at about USD 395.65 million in 
2012-12, with the main export markets being the EU and USA (FAO 2014a; FRSS 2014).  
However, the physical environment of the coastal zone is deteriorating due to increased intrusion of 
salinity, the effluent and sludge discharged from the gher (shrimp farms regularly discharge polluted 
water containing particulate matter, unused fish feed, various forms of chemicals, microorganisms, 
fertilizers, and faeces), as well as the introduction of exotic species or pathogens into coastal 
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ecosystems. In addition, increasing soil and water salinity, the loss of agricultural land, significant 
soil degradation, destruction of the aquatic and non-aquatic habitats inherent in the rice ecosystem, 
and a decline in biodiversity, have all contributed to decline in crop production, the number of 
livestock, and the vegetated area in this region. There has also been decline in various traditional 
occupational activities, a shift to diversified employment strategies of households, increased 
inequality  (higher incomes for shrimp farmers but  economic and social dislocation for others), social 
violence, and water pollution (Ali 2006; Azad et al. 2009; Datta et al. 2010; Pokrant 2014).  
 
Culturing freshwater shrimp and fish in rice fields is a form of integrated aquaculture-agriculture. 
The shrimp-fish-rice farming system has been extensively practised in the southwest coastal region 
and provides a wide range of social, economic, and environmental benefits (Ahmed and Garnett 2010; 
Ahmed et al. 2014). A range of Indian carp species (e.g., catla (Catla catla), rohu (Labeo rohita), 
mrigal (Cirrhina cirrhosis) and exotic carp species, namely, silver carp (Hypophthalmichthys 
molitrix) and grass carp (Ctenopharyngodon idella) are cultured with the fresh-water shrimp but 
harvested throughout the year. Farmers generally do not maintain a specific stocking density, which 
ranges from 2,000 to 5,000 fingerlings/ha (Ahmed et al. 2008a).  
As well as combining aquaculture with rice, a large variety of vegetables are grown on the dikes of 
the gher (and in kitchen gardens) – both winter vegetables, including  carrots, tomatoes, onion, 
mustard, and long yard bean, and summer vegetables, including ladies finger (okra), sweet gourd, and 
other vegetables, both for household consumption and sale (Ahmed et al. 2008a).  
This system is socially accepted, even by the small farmers, because the practice is relatively 
“environmentally friendly” (free from saline water intrusion), convenient, and reduces risk due to 
diversified enterprises (rice, fish, shrimp, vegetables and fruit). Besides, the system helps to increase 
overall farm food production and income (Ahmed and Garnett 2010; Ahmed et al. 2014). However, 
the system has not prevented the ongoing decline in numbers of cattle, ducks, shrimp fry, and snails 
in the coastal areas (Ahmed and Garnett 2010). Moreover, the integrated system is highly vulnerable 
to climate change and climate-related impacts, in particular coastal inundation, droughts, sea-level 
rise, and modified sea-surface temperatures. Institutional and organizational support is needed to 
reduce the vulnerability of what seems to be a promising farming system (Ahmed et al. 2014). 
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People’s livelihood activities depend on their access to resources. Arable land is the most important 
determinant of livelihood activities in coastal Bangladesh. According to the 2008 Agriculture Census, 
farming was the main occupation of 58% of coastal households, with the focus on food production 
(rice and other crops), along with aquaculture and shrimp farming (BBS 2014b).  In addition, 
labouring in agriculture and shrimp gher, and capturing marine and river fish, shrimp fry, and other 
aquatic resources and products are major occupations of coastal communities, providing a major 
proportion of food and income (CDS 2006; Bala and Hossain 2010).  
However, the livelihoods of coastal people, particularly the landless and small farmers, are becoming 
increasingly vulnerable, due mainly to low cropping intensity and a lack of alternative employment 
opportunities. Therefore, many people are leaving their traditional occupations and migrating to other 
districts to work as agricultural labourers, and to cities to work as non-agricultural labourers and 
pulling rickshaws and vans. However, it is acknowledged that agriculture is still the main source of 
household income (61%) in the south-western coastal districts, with cropping, livestock, and fisheries 
contributing about 35% of income and agricultural labour about 26% (Table 3.6).   
Table 3.6: Major sources of household income in southwestern coastal areas of Bangladesh 
Major occupations % of total household income 
Agriculture: 61 
      Cropping, livestock, and fisheries  35 
      Agricultural  labour 26 
Non-agricultural  labour 7 
Business 15 
Employment 5 
Industry 1 
Transport and communications 3 
Other activities 8 
 Source: Mia et al. (2011) 
 
Agriculture plays an important role in ensuring food security and generating national income and 
employment in Bangladesh. Rice is still by far the dominant crop, grown in all three seasons and 
accounting for about three-fourths of the cropping area. The changes brought about through the Green 
Revolution have led to steadily increased rice production so that the country is nearly self-sufficient 
in rice, though it needs to import increasing quantities of wheat, edible oil, and pulses. Moreover, the 
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decline in the area and fertility of agricultural land, together with its vulnerability to natural hazards, 
are potential barriers to achieving the food security goal for the large and growing population. 
Projected climate change, climate variability, and increased incidence of extreme weather events will 
present substantial challenges in the future.        
The limited availability of arable land indicates that there are few opportunities for increasing crop 
production through horizontal expansion (i.e., area increase) in the main rice-growing districts. 
However, there may be scope for increased production through a combination of horizontal and 
vertical expansion (i.e., an increase in the area and intensity of cropping) in more marginal areas such 
as the coastal zone. However, this zone faces severe constraints due to climate change and variability, 
extreme weather events, increased soil and water salinity, loss of agricultural land, soil degradation 
toxicity, decline in biodiversity, and existing socio-economic conditions.  
Despite such vulnerabilities, the coastal region makes a notable contribution to national food security 
through rice and fish production, as well as to foreign exchange earnings through shrimp exports. 
These contributions could be enhanced through the development and adoption of high-yielding stress-
tolerant crop varieties, sustainable technologies for rice-shrimp farming, increased irrigation 
permitting larger areas under DS and EWS rice cultivation, and increased investment in coastal 
infrastructure (e.g., roads, embankments) to increase the returns to more intensive production systems 
and reduce the risks facing rural livelihoods in this zone.    
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RESEARCH METHODS 
 
 
The previous chapter demonstrated that small farms are central to sustainable agriculture and rural 
livelihoods in Bangladesh. Farmers in the coastal zone have been adapting to changes in technology, 
markets, infrastructure, and institutions, as well as to changes in climate and the coastal environment, 
for decades. Hence the methodology of the thesis focused on understanding and explaining the current 
cropping choices and adaptation strategies of different types of farmer in different local environments, 
in order to form an empirical basis for projecting future cropping choices and strategies under longer-
term climate change. The current chapter first outlines the overall research approach or analytical 
framework, centring on the farm household and its cropping enterprises. It then introduces the study 
location and villages and outlines the methods of data collection used. Finally, the chapter explains 
the use of enterprise analysis to assess the profitability, risk, and sustainability of alternative cropping 
systems.  
 
 
The research for this thesis focused on the individual farm-household as the principal unit of analysis, 
that is, a rural household with access to (but not necessarily ownership of) land and for which farming 
is the major (but not necessarily the only) source of livelihood. Dillon (1992, p. 8) defines a farm as 
“a goal-setting (i.e., purposeful) open stochastic dynamic system whose major aim is the production 
of food from agricultural resources.” Farms can be small subsistence units or medium to large semi-
commercial units which use their resources for producing food and achieving household goals, within 
the constraints of the bio-physical, socio-economic, and institutional environments (Rahman et al. 
1989; Hossain 2000; Dixon et al. 2001). The farming system corresponding to any particular farm 
“may be specified as consisting of the physical farm entity made up of land, labour, and the various 
forms of capital involved in plant or animal production activities, plus the management and social 
organization structure and activities directly associated with the physical farm entity” (Dillon 1992, 
p. 8). 
The rural household is also the main social and economic unit in the rural livelihoods framework, 
developed by Ellis (2000) and others as an extension of the farming systems framework. A livelihood 
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implies the capabilities, assets, and activities required as a means for living (Chambers and Conway 
1992). Household assets are classified into five broad categories in this framework: natural, physical, 
human, financial, and social capital (Ellis 2000). Rural households invent, adapt, and adopt different 
combinations of activities that together constitute “livelihood strategies”, depending on their capacity 
to access the different capitals, as mediated by social, institutional, and organizational factors. In 
response to external trends and shocks, households may adopt different livelihood strategies, 
including agricultural intensification (greater use of inputs on a given farm area), extensification 
(acquiring additional farm land), diversification (engaging in off-farm or non-farm employment or 
business), and migration (Ellis 1998; Ellis 2000). A sustainable livelihood is stable, durable, resilient, 
and robust (Scoones 2009), can cope with and recover from stresses and shocks, and can maintain or 
enhance its capabilities and assets for the next generation without undermining the natural resource 
base (Chambers and Conway 1992; Hussein and Nelson 1998; Scoones 2009). The livelihoods 
framework thus provides conceptual tools for assessing the vulnerability and adaptive capacity of 
farmers in the face of climate change and other challenges. 
While recognising the whole-farm and broader livelihood contexts in which the farm-household 
operates, much of the focus of this research is on the major cropping enterprises (or activities, or 
systems) within these larger systems. Enterprises are the building blocks of farming systems (for 
farmers as well as farm management researchers). For farmers, they entail committing household and 
purchased resources and inputs for a specific time period with a planned but not fully controllable 
output. The choices facing farmers involve modifications to existing enterprises (e.g., adoption of a 
different variety, use of additional fertiliser, changing the planting date) or substitution between 
enterprises (e.g., adopting DS maize instead of DS rice). These choices are what characterise the 
whole-farm system and, for farming-oriented households, the household livelihood strategy. As will 
be shown, crop enterprises in the study villages constitute the major share of the farming system. For 
example, in the monsoon season, WS rice constitutes virtually the entire farming system; activities 
outside the paddy field such as vegetable cultivation and rearing of small livestock are related but 
clearly secondary to the main activity of rice cultivation in this coastal environment. Hence assessing 
the sustainability of cropping systems is key to the larger question of sustainable rural livelihoods. 
The assessment of cropping enterprises in the thesis was linked to the broader household and village 
context in two ways. First, farm-households were classified into farm types, reflecting their different 
asset base, especially their access to natural capital (i.e., farming land). Second, the assessment drew 
on household-level data from two contrasting villages. These were selected to represent different 
environments within the coastal zone, hence different biophysical constraints and opportunities for 
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enterprise choice. Thus the analysis of cropping enterprises was firmly situated within the farming 
and livelihood systems framework. 
 
A sustainable cropping system must be profitable or economically viable. There are multiple 
economic tools available to assess the profitability of cropping systems. Three widely applied 
methods are enterprise budgeting, partial budgeting, and whole-farm budgeting (Dillon 2003). The 
budgeting perspective is grounded in economic categories and calculations that are meaningful to 
farm managers and based on farmers’ knowledge of their own operations and other field data. It can 
also incorporate an appreciation of the stochastic nature of farm production through analysis of the 
trade-off between risk and returns, i.e., stochastic budgeting. Most important for an assessment of 
sustainable cropping, the budgeting perspective is forward-looking. Hence it can be applied to the 
assessment of future scenarios, incorporating not just farmers’ knowledge and field data but the best-
available projections of possible future environments, productivities, and prices, whether obtained 
via sophisticated simulation modelling or other, more basic projection techniques. These applications 
of the budgeting perspective are briefly reviewed. 
 
Enterprise budgeting is a basic, straightforward, and widely-used tool for describing and assessing 
the economic features of a farm enterprise. It provides details about the techniques used, the timing 
of operations, input use (e.g., seed, fertilizer, and irrigation), labour requirements, and expected yield, 
costs, and returns for a specific enterprise (e.g., wet-season rice, or a rice-rice cropping system). The 
estimation of gross return, gross margin, and net return forms the basis for evaluating the economic 
sustainability of the enterprise (Dillon 2003). Representative enterprise budgets can be prepared for 
different farm-types or village settings. However, the tool is incomplete as it presents single (most-
likely) values for the economic indicators, it does not take account of possible adjustments within the 
enterprise that might increase net returns (e.g., increased fertiliser use), and it ignores the interactions 
and overheads of the whole-farm system (Dillon and Hardaker 1993; Dillon 2003).  
 
Partial budgeting is the most appropriate tool for evaluating the consequences of relatively small 
changes within an enterprise or farm. This tool is conveniently used for assessing the profitability of 
new methods or input levels within an enterprise, such as the fertiliser example mentioned above, as 
well as comparing the profitability of alternative farm enterprises, whether current or potential (Dillon 
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and Hardaker 1993). The data requirements for the analysis are low as only the costs and returns that 
change need to be considered. However, partial budgeting also need to be augmented to incorporate 
the risks associated with a farming adjustment (Dillon 2003). 
A version of partial budgeting termed marginal analysis has been developed by CIMMYT (1988) for 
developing farm recommendations from on-farm agronomic experiments. This is the process of 
calculating marginal rates of return (MRR) between successively more expensive treatments, that is, 
the marginal net benefit divided by the marginal cost, expressed as a percentage. The MRR indicates 
the return that farmers can expect for their investment of working capital in order to change from one 
practice (or set of practices) to another. Experience and empirical evidence have shown that for the 
majority of situations the minimum rate of return acceptable to farmers will be between 50 and 100%, 
allowing for the real cost of capital and a risk premium (CIMMYT 1988). 
 
Whole-farm budgeting is a more complete analytical tool that takes into account the economic 
interaction between enterprises as well as the overheads that make the farm a viable unit (Dillon 
2003). As alternative farm enterprises and off- and non-farm activities compete for the same scarce 
resources (land, labour, and capital) that constitute the farm-household’s overhead, these enterprises 
and activities can be highly interlinked (Dillon and Hardaker 1993). Hence the whole-farm budget is 
often argued to be the best option for the analysis of small farm systems (Dillon and Hardaker 1993). 
Nevertheless, as argued above, enterprises are the building blocks for the whole-farm budget and, 
with many small farms in Bangladesh, a single crop enterprise, or a succession of two or three 
enterprises in a cropping system, can account for the bulk of the farm activities. 
The profitability of the whole farm is calculated by considering the income and expenses of all its 
enterprises (e.g., crops, livestock, fisheries, and homestead gardening), including any off- or non-
farm usage of the household’s resources. The total gross margin (TGM) is calculated by adding the 
gross margins of the individual enterprises, and net farm earnings are calculated by deducting the 
fixed or overhead costs from the TGM (Dillon and Hardaker 1993). Net farm earnings represent the 
total income available to the farm family for all purposes and can be used to compute the return to 
family labour by deducting the imputed interest on farm equity capital and dividing by the number of 
family members working on the farm, expressed as adult male equivalents (Dillon and Hardaker 
1993p. 84-87).   
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Cropping systems are operated under various degrees of production and market risk that are inherent 
to the small-farm situation. External risks arise from variability in weather and climate, economic 
fluctuations, and socio-political uncertainties (Anderson and Dillion 1992; McConnell and Dillon 
1997). Internal risks relate to the health, skills, and inter-personal relations of the farm-household 
members (McConnell and Dillon).  
A number of formal techniques are available for evaluating farmers’ risky decisions, such as 
sensitivity analysis, stochastic budgeting, expected utility analysis, risk-oriented mathematical 
programming, and Monte Carlo simulation, though “these all somewhat overlap and interrelate” 
(McConnell and Dillon 1997p, p. 274). Risks can be fully depicted by the probability distribution of 
the income or performance measure related to a particular choice (e.g., enterprise gross margin), but 
are partially measured by the range, mean and variance, or coefficient of variation of the measure in 
question (McConnell and Dillon 1997). 
Sensitivity analysis commonly takes into account some arbitrary percentage change in key variables 
above and below the expected or most-likely value used in the base enterprise or whole-farm 
budget. This is a simple, widely-used approach but does not take into account the probability of 
occurrence of these changes nor the correlation between them (McConnell and Dillon 1997). 
Stochastic or risk budgeting, on the other hand, incorporates the probability distributions of the key 
variables such as yields and prices to estimate the probability distribution of the consequent profit 
measure (Dillon and Hardaker 1993; McConnell and Dillon 1997). Farmers’ decisions to adopt a new 
technology, crop enterprise, or cropping system are likely to be influenced by both the level of 
profitability and the associated risk associated with the respective crops or rotations. Utility analysis 
has been developed to analyse these risky decisions, but stochastic dominance analysis can be 
incorporated in enterprise budgeting relatively simply and without requiring strong assumptions 
about farmers’ risk preferences (Dillon and Hardaker 1993; McConnell and Dillon 1997).   
 
Budgeting incorporates the best-available estimates of future variables, whether based on expert 
opinion or more sophisticated techniques. In budgeting for future climates, it is essential to make use 
of the best available climate models and to feed the resultant climate variables into properly validated 
crop simulation models to generate projected yields. Given the uncertainty inherent in both these 
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kinds of model, it is essential to examine several scenarios – a more sophisticated type of sensitivity 
analysis, with or without probabilities attached.  
For the thesis, five climate scenarios were developed – one based on historical data for 1984-2013, 
and a pessimistic and optimistic scenario for both 2030 and 2060, derived from the modelling reported 
by the International Panel for Climate Change (IPCC). Three salinity scenarios were superimposed, 
representing current and projected 2030 and 2060 conditions. To project crop yields, these climate 
and salinity projections were fed into the Agricultural Production Systems Simulator (APSIM), a 
modelling platform developed in Australia which has been widely used in Australia, Africa, and Asia 
to simulate biophysical processes in farming systems. APSIM has provided accurate projections of 
crop production based on soil, climate, genotype, and management factors applied to long-term 
resource management (Roth et al. 2009). Outputs from APSIM were generated by a crop modeller in 
CSIRO to be applied in this study to evaluate the impacts of climate and salinity change on rice and 
other field crops. Details of the scenarios and the climate and crop simulations are presented in 
Chapter 10. 
 
Though the above methods provide a basis to evaluate enterprise choice within the range of technical 
options considered, the budgeting perspective was used in this study, along with other quantitative 
and qualitative analysis, primarily as a way of explaining or validating the cropping choices of 
farmers in different circumstances (household assets and village environment). It was not assumed 
that farmers were “sub-optimal” in their current cropping choices or that feeding the data into 
optimising models could generate better enterprise choices. Rather, the research aimed to understand 
farmers’ current cropping systems as a basis for projecting their sustainability under future scenarios, 
taking account of how farmers currently adapt to changing circumstances. 
 
 
Khulna District in the south-western coastal zone was selected for this study (Figure 4.1). The reasons 
were twofold. First, the sustainability of rice-based farming systems in this district is anticipated to 
be highly challenged by both internal constraints (e.g., existing farming practices, households’ 
adaptive capacity, and socioeconomic features of the farming population) and external shocks and 
trends (e.g., climate change and variability, sea-level rise, cyclones, floods, and salinity intrusion). 
Hence an assessment of the current viability and future sustainability of farming systems in the district 
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will contribute to developing policies to strengthen the resilience of vulnerable coastal communities. 
Second, the Adaptation to Climate Change in Asia (ACCA) project was implemented in this district, 
meaning that the APSIM crop simulation model used in the present study had already been calibrated 
for crops and environments closely similar to those in the study villages (Gaydon 2013; Roth et al. 
2015). 
Two villages in Dacope Upazila in Khulna District with contrasting farming systems were selected 
for study (Figure 4.1). Between them, the two villages encompass the main types of farming that are 
currently practised in the south-western coastal zone, hence they provided a basis for assessing 
potential changes in farming systems with future climate change and salinization. In the first village 
– Shaheberabad – arable land was intensively used for rice and non-rice cropping because of low 
levels of salinity, the availability of freshwater irrigation for dry-season cropping, and better access 
to extension services and markets. The second village – Uttar Kaminibasia – practised rice/fish 
farming in the wet season and brackish-water shrimp farming in the dry season due to high to very 
high levels of salinity with no fresh water for irrigation. This village had better access to tidal water 
throughout the year but poorer access to markets and extension services.  
 
Figure 4.1: Map of Bangladesh showing the study location in Dacope, Khulna 
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Farming systems are dynamic in nature as households are adapting to constraints and opportunities 
arising from rapid economic development and changes in the production environment. However, farm 
households vary widely in their specific goals and circumstances. Hence researchers have used 
various typologies to distinguish between the major classes of farm in a given setting. The approaches 
include the “recommendation domains” of farming systems research, “agro-ecological zoning” of 
agro‐ecosystems analysis, “multi-level typologies” of agrarian systems analysis, “livelihoods 
strategies” of rural livelihoods analysis, and rural household types used for policy analysis (Cramb 
and Newby 2015). As an influential example of the last approach, the World Development Report, 
2008 classified rural households into five types: farming-oriented households (earning more than 75% 
of total income from farm production), classified into two sub-types – (a) subsistence-oriented 
farming (less than or equal to 50 % of agricultural production sold on the market) and (b) market-
oriented farming (more than 50% of agricultural production sold on the market); (c) labour-oriented 
households (more than 75% of total income earned from wages or non-farm self-employment); (d) 
migration/transfer-oriented households (more than 75% of total income earned from remittances, 
transfers, or other non-labour sources); (e) diversified households (neither farming, labour, nor 
migration income contributes more than 75% of total income) (WB 2007). For Bangladesh, it was 
observed that almost half (48%) of farm households were diversified in nature, followed by labour-
oriented (40%), farming-oriented (6%), and migration-oriented (6%). Among the farming-oriented 
households, 4% were subsistence-oriented and 2% were market-oriented (WB 2007, p. 76). However, 
most of the diversified households would have had market-oriented farming as a key part of their 
portfolio. 
The households in the case-study villages were classified into types based on land ownership and 
operated area, following the national farm classification – landless, small farm, medium farm, and 
large farm. These classes were used to select key informants, household case studies, and survey 
respondents, and as a basis for enterprise budgeting and analysis of adaptive strategies. There were 
four reasons for using this approach. First, the study villages were selected based on the importance 
of rice-based farming systems to their local economy, hence most households were farming-oriented 
(including subsistence- or market-oriented) and thus dependent on access to farming land. Second, 
there is distinct variability in farming practice and socioeconomic features of rural households 
depending on the size of farm. Access to land influences choice of farming and other livelihood 
activities, adoption of modern technologies, farm productivity, adaptive capacity, and risk-bearing 
ability. Third, this classification is straightforward, nationally recognized, and widely used in 
research, government policy, and extension services. Fourth, it was convenient to develop a sampling 
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frame using this approach because the Department of Agricultural Extension (DAE) has a list of farm 
households for every village based on this classification. However, the size classes of the national 
classification were found to be incompatible with the farm size data generated through household 
censuses in the two villages. Hence the limits of each size class were determined through group 
discussions and interviews with key informants in each of the villages (see Chapters 5 and 7).  
 
Data for farm management research need to reflect the actual farm situation. The main methods of 
obtaining farm management data are desk research, qualitative data-gathering, and quantitative data-
gathering. Desk research is mainly used for collecting secondary data from various publications and 
reports. Qualitative data are generated through various informal methods such as field visits, area 
familiarization or reconnaissance surveys, and the methods collectively known as “rapid rural 
appraisal” (Kearl 1976; McCracken et al. 1988; Molnar 1989). Farm household surveys are a widely 
used and cost-effective method for generating farm-level quantitative data (Dillon and Hardaker 
1993). However, the precision and/or reliability of survey data depend on both the ability of 
respondents to remember the requested information and their willingness to reply truthfully, as well 
as researchers’ ability to develop suitable questionnaires or checklists to generate data from an 
adequate sample of farmers (Dillon and Hardaker 1993).  
Based on these considerations, both primary and secondary data were collected for this study. The 
primary farm-level data were collected through reconnaissance surveys in each village, village 
censuses, household case studies, key informant interviews, interviews with a local expert panel, 
household surveys, and collection of soil and water samples for laboratory analysis. The fieldwork 
was conducted during February-March 2013 and May-December 2014. Secondary data included 
historical (1984-2013) climate data (daily mean, maximum, and minimum temperatures, 
precipitation, and radiation), collected from the Bangladesh Meteorological Department (BMD). 
 
Each village was visited for 3-4 days to build up rapport and generate basic information on land-use 
patterns, farming activities, and other livelihood activities as a basis for designing and conducting 
more formal, in-depth surveys. The researcher along with village-level extension personnel met with 
10-12 farmers, including local Union Council members, in February 2013. The farmers were briefed 
about the aim and objectives of the study and asked for support through providing data. These farmers 
gave their consent to provide their upmost support for the study. A physical map of the village was 
drawn with the help of the farmers. Transect walks were undertaken around the village with farmers 
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and extension workers, including homestead areas and fields. Photography was used during these 
transect walks to record the land-use patterns and livelihood activities of farm and non-farm 
households. Thereafter, the researcher along with one farmer from each village carried out a village 
census using a structured checklist to collect basic demographic and economic data, including family 
size, occupations, land ownership, and operating areas. The census data gave an overview of the 
villages before starting formal fieldwork and were used as a basis for the household typology and to 
develop a sampling frame.  
 
A pretested semi-structured questionnaire was used for two key informant interviews with 4-6 
knowledgeable farmers in each village. The key informants for these group interviews were selected 
purposively considering their in-depth knowledge on the overall farming system, livelihood activities, 
and coastal ecosystems through discussion with farmers and village-level extension personnel. 
Informants were asked to recall changes in land use, the farming system, and the local environment, 
trends in crop yields, and changes in the use of material inputs, as well as their perception of the 
driving forces behind such changes. The collected data were subsequently validated by cross-
checking with both participants and non-participant in the key informant interviews.  
 
A case study is “an empirical enquiry that investigates a contemporary phenomenon within its real-
life context, especially when the boundaries between phenomenon and context are not clearly evident, 
for retaining the holistic and meaningful characteristics of real-life events by asking ‘how’ or ‘why’ 
questions” (Yin 2009, pp. 2-13). As applied to farm management research, a case study approach 
“lends itself to understanding the complex relationships that exist between the biophysical 
environment, farming households, and the various socioeconomic conditions that influence resource‐
use decisions over time” (Newby et al. 2012, p. 16)’. Furthermore, a case study is the most appropriate 
approach to learn about farmers’ attitudes and responses towards changes in a specific policy or other 
external event. The approach is used to intensively investigate a few farms “to learn not only what is 
happening in the study farm, but why, i.e., to elucidate the cause and effect relationship” (Dillon and 
Hardaker 1993, p, 58). 
Farm-level data to address the research objectives were collected through nine case studies of farmers 
in different farm-size classes in each of the study villages (i.e., 18 in total). The case studies involved 
face-to face interviews with each farmer using a semi-structured questionnaire. Farmers were asked 
to recall changes in land use, the farming system, and the local environment, trends in crop yields, 
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and changes in the use of material inputs, as well as their perception of the driving forces behind such 
changes. They were also asked for details of their current cropping activities, including management 
practices, factor inputs and costs, labour use and costs, and crop yields and prices (typical, high, and 
low values). 
 
Farm-level surveys can provide key insights for understanding the structure and performance of 
small-farm agriculture. However, for reliability, the farm survey needs to meet three requirements: 
(a) the survey must generate accurate data, with careful measurement and computation of a broad 
range of factors involved in the farm’s operations; (b) the survey should be completed and analysed 
in a timely fashion; (c) the size of the sample must be representative but should not be excessively 
large. The sample size depends on the size of the population, the parameters of interest in the research, 
and the budgetary and time constraints (Church 1991; Kothari 2009). 
A two-stage sampling approach was used in this study. The population in each village was first 
divided into four strata – landless, small farm, medium farm, and large farm, as discussed above. A 
sampling frame was then used to randomly select survey respondents from each stratum. That is, the 
approach was stratified random sampling with proportionate allocation. In total 131 households were 
interviewed, with 58 from Shaheberabad and 73 from Uttar Kaminibasia, representing a sampling 
fraction of 32% and 35%, respectively (Table 4.1).    
Table 4.1: Number of survey respondents in the case-study villages by stratum   
Household strata Number of respondents 
Shaheberabad Uttar Kaminibasia 
Large farm 6 8 
Medium farm 14 18 
Small farm 30 37 
Landless labour 8 10 
Total 58 73 
 
A pretested questionnaire with both open and closed responses was used for the household survey 
(Appendix C). The researcher and four skilled researchers from the Bangladesh Rice Research 
Institute (BRRI) conducted the survey during April-June 2014. The four enumerators were trained to 
give them a clear understanding of each question and to use techniques to build rapport with the 
respondents to generate high-quality data. In addition, the enumerators first observed a few interviews 
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carried out by the researcher to improve their understanding of the questions and the approach. Before 
starting the interviews, an informal meeting was arranged with the village leaders and farming 
households along with local government and non-government extension agents and research 
personnel to develop good rapport and explain the goal of the survey work clearly. To avoid missing 
data missing and ensuring clear answers, each completed questionnaire was checked by the researcher 
daily.  
The survey questionnaire sought details on household demographic and socio-economic features; 
farming and other livelihood activities (off- and non-farm work and migration); farm production, 
prices, and income; farmers’ perceptions of climate and environmental change and the factors 
responsible; farming risks, both biophysical and economic; household coping and adaptation 
strategies, both existing and anticipated; adaptive capacities and barriers to adaptation; and 
preferences for improvements to the farming system.   
Microsoft Excel was used for entering the household survey data. Before entering the data, the 
completed questionnaires were edited and the responses coded. Descriptive and inferential statistics 
were calculated.  
 
Selected experts were invited to form an expert panel based on their experience working in the south-
west coastal region. These included experts from different national (Department of Agricultural 
Extension and Department of Fisheries) and international organizations (World-Fish and the 
International Rice Research Institute). These experts were consulted, along with local extension 
personnel, to validate enterprise budgets and clarify other key findings of the research. 
 
Soil samples were collected from eight plots in March 2013 – two plots where the rice/shrimp 
cropping system was practised and six plots where rice/non-rice cropping systems were practised 
(watermelon, pumpkin, or fallow). Samples were collected following standard procedures used by 
CSIRO. The soil was analysed in the Bangladesh Rice Research Institute (BRRI) laboratory in 
Gazipur and the Soil Resource Development Institute (SRDI) laboratory in Khulna to estimate key 
chemical properties. Soil and water samples were also taken from six plots in the first and third weeks 
of each month during mid-August to early December 2014 and the level of salinity measured using a 
conductivity meter. 
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As explained above, the cropping enterprise was the basic unit of analysis. Enterprises were assessed 
in terms of their profitability, riskiness, and sustainability. Representative enterprise budgets were 
prepared for current and potential future cropping systems in small, medium, and large farms in each 
village, using data obtained from the above sources. These budgets were subjected to risk analysis. 
During May 2014, the results were presented to the key informants in the case study villages and to 
the expert panel consisting of researchers and extension personnel working in the study area. The key 
informants and expert panel confirmed that the approach of estimating costs and returns on an 
enterprise basis was practical for selecting between enterprises, and the budgets were mostly 
consistent with reality. Some modifications were suggested to estimated input use (labour, fertilizers, 
and pesticides) and harvested yield. 
There are various ways to specify costs and returns in a farm enterprise. The approach used here 
follows Herdt (1978), who makes the important distinction between “paid-out costs” for purchased 
inputs and “unpaid costs” for family-supplied inputs, including family labour.  Herdt (1978) specifies 
enterprise returns as “gross income” (gross benefit less paid-out costs) and “net income” (gross 
income less the imputed value of unpaid costs). These measures focus on the return to the family’s 
resources used in farming as well as indicating the welfare of the farm family. Hence they accord 
well with the goals and circumstances of small farmers in Bangladesh.  
 
Enterprise costs are the monetary value of factor inputs used over a period of time to produce farm 
commodities (Rasmussen 2013). The farm operators in the study villages used purchased and home-
supplied inputs, hired and family labour, own and rented land, and different types of machinery. 
Following Herdt’s (1978) distinction, total paid-out costs (TPC) were defined to include the actual 
payments (cash and in-kind) for purchased inputs (seeds, fertilizers, farmyard manure (FYM), 
pesticides, and fuel), hired-in labour, machinery services (power tiller, pump, and thresher), and 
rented-in land. Total imputed costs (TIC) were defined to include home-supplied inputs of family 
labour, land, FYM, machinery, and seed. The cost of these inputs was estimated according to the 
opportunity cost principle. It was assumed that the imputed cost was equal to the income the farmers 
could have earned by hiring out family resources (family labour, land, and machinery) for an 
equivalent time or selling the resources (home supplied seed and FYM) to other farmers. The total 
cost of an enterprise (TC) was the sum of TPC and TIC. 
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It is well known that the market wage rate may overstate the opportunity cost of family labour, 
especially for women and teenagers helping out part-time, but also for full-time male labour, as there 
is not always an alternative opportunity to the specific use of labour in question. This applies, for 
example, to watering vegetables in the home garden and the fields for an hour or two early in the 
morning and in the evening; there may be no alternative market opportunity for that labour activity. 
However, in this study, prevailing market rates were used for labour and other inputs, giving an upper-
bound estimate of TIC.  
(a) Human labour cost 
Human labour was a major cost item as most cultural operations (land preparation, crop 
establishment, fertilizer and pesticide application, weeding/mulching, harvesting, carrying, and post-
harvest processing) were carried out manually. Human labour was broadly classified as family and 
hired labour. Family labour included adult male, adult female, and teenaged members of the farm 
household while hired labour included adult male and female daily wage workers, monthly-paid 
workers, and contract workers. There was no provision to employ labour for whole year.  
Labour input was measured in work-days equivalent to 8 working hours. According to Yang (1965), 
human labour needs to be standardized as man-equivalent days on the basis that 1 adult male-
equivalent day = 1.25 adult female-days = 2 child-days. However; man-equivalent days in this study 
were computed by assuming that 1 adult male-equivalent day = 1 adult female-day = 2 child-days. 
Family labour is allocated to the tasks for which it is best suited so, for example, women doing 
weeding may be more efficient than men, while men doing land preparation may be more efficient 
than women, and teenagers are given easier jobs to suit their lack of skills or strength. Nevertheless, 
the prevailing difference in wage rates between male and female labour were applied. Working hours 
of monthly-paid labour were converted to work-days by dividing their monthly pay by the prevailing 
average male daily wage rate (BDT 200/8-hour day).  
As noted above, the cost for hired labour was counted as a paid-out cost, while the cost of family 
labour was considered as an unpaid cost of family resources. The actual wage of hired labour was 
assumed to reflect the opportunity cost of family labour. Wage rates varied by gender as well as by 
cultural operation. For example, the demand for labour peaked during crop establishment and 
harvesting but was low during weeding. Therefore, the cost for hired labour was estimated by taking 
into account the actual payments (cash, kind, and meals) for specific operations. For most cultural 
operations labour costs were estimated using the prevailing wage rates in the case-study villages 
(BDT 25/hour for men and BDT 20/hour for women). For uprooting and transplanting Aman rice and 
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harvesting and carrying Aus rice, the cost of meals was added, reported by farmers to be BDT 65/day. 
For harvesting and carrying the Aman rice crop, 350 kg of rice grain was paid as in-kind wages. This 
was converted to a monetary value using the farm-gate price at harvest time. Finally, monthly-paid 
labour was paid BDT 6000/month, comprising a cash wage of BDT 4,000/month and meals valued 
at BDT 2,000/month (see Table A.10 in Appendix A). 
(b) Land preparation cost 
Two- and four-wheel tractors were extensively used for tilling agricultural land in the study villages. 
Most farmers hired a tractor except for large farmers in Shaheberabad. The cost of tilling by tractor 
was estimated on the basis of the prevailing rental rate paid by farmers during the study period. 
Conversely, for those using their own tractors, only the actual cost for fuels and wages of the tractor 
driver were taken into account; depreciation costs were likely to be small and were ignored. There 
was no ploughing cost incurred for wet season rice in Uttar Kaminibasia because rice was typically 
transplanted without ploughing after harvesting shrimp, but the shrimp gher were ploughed before 
commencing shrimp culture. The rental rate for one round of ploughing was BDT 1,996 per ha in 
Shaheberabad and BDT 1,235 per ha in Uttar Kaminibasia, considered as a paid-out cost. For tractor 
owners in Shaheberabad, the actual cost for fuel and wages per round of ploughing was BDT 897 per 
ha which was taken into account as a paid-out cost (see Table A.10 in Appendix A). 
(c) Seeds and seedling cost 
In the study villages, farmers depended on purchased seed for all crops but Aus rice. The cost of 
purchased seed was calculated on the basis of actual prices paid by farmers to purchase different types 
of seed from local traders. There was no variation in the price of seed among small, medium, and 
large farms, except for watermelon seed. Farmers purchased widely different qualities of hybrid 
watermelon seed at different rates according to their purchasing ability. That is, large farmers used 
better-quality seed at a higher price, while medium and small farmers used lower-quality seed at 
lower prices. The unpaid cost of home-supplied Aus rice seed was valued at the average cost of 
farmer-produced seed in the local market. The cost for raising rice seedlings was calculated as the 
actual payments for ploughing the nursery plot, plus the cost of labour for nursery preparation and 
application of fertilizers and pesticides, plus the cost of fertilizers and pesticides applied in the nursery 
(see Table A.10 in Appendix A). 
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(d) Agrochemical costs 
The farmers in the case-study villages applied various kinds of chemical fertilizers including urea, 
triple super phosphate (TSP), muriate of potash (MOP), di-ammonium phosphate (DAP), gypsum, 
zinc and magnesium sulphate (MgSO4) to supply additional nutrients to their crops. In addition, lime 
was applied in the shrimp gher to create a favourable environment for the shrimp, as well as urea and 
TSP to promote the growth of phytoplankton as shrimp feed. Moreover, both purchased and home-
supplied FYM as well as purchased mustard oil cake were applied to the dry-season crops to increase 
organic matter in the soil. The cost for chemical fertilizers including oil cake was estimated on the 
basis of actual prices paid by the farmers in the local market. FYM was valued at the price prevailing 
in the village level; the cost of purchased FYM was considered a paid-out cost and home-supplied 
FYM as an unpaid cost. The price of fertilizers was slightly higher in Uttar Kaminibasia than in 
Shaheberabad (see Table A.10 in Appendix A). 
The estimation of the quantity and cost of applied pesticides was difficult, first, because farmers 
applied a wide range of products and their prices varied from brand to brand and, second, farmers 
applied different form of product (liquid and powder) for same purpose. However, the amount of 
pesticide applied was quantified based on the most commonly used pesticides through discussions 
with the key informants, and cost of pesticides was computed based on the actual price paid by the 
farmers in the case-study villages.   
(e) Machinery costs  
The farmers applied manual and pump irrigation to the dry-season crops. Manual irrigation involved 
watering each watermelon or pumpkin plant using a seed container or pitcher, after collecting water 
from ponds or ditches in the fields. The cost was estimated as the labour cost. Pump irrigation 
involved diesel-powered centrifugal pumps locally known as low-lift pumps (LLP) for drawing water 
from rivers, canals, and ponds for surface irrigation. Most medium and large farmers used their own 
pumps for irrigating dry-season crops in Shaheberabad or drawing water from the rice-field ditches 
for harvesting fish in Uttar Kaminibasia. The cost of irrigation for small farmers was computed on 
the basis of the hourly rental rate for a pump (BDT 100/hr) and the estimated hours of irrigation. The 
irrigation cost of medium and large farmers was calculated as the actual cost of fuel for operating the 
pump (BDT 40/litre) (see Table A.10 in Appendix A). 
Most farmers hired in power threshers for threshing rice in the case-study villages. The rental charge 
was 5% of the grain threshed (i.e., 5 kg rice grain paid in-kind for threshing 100 kg rice). The per-
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hectare cost for threshing rice was computed according to the market value of the rice grain at harvest. 
The wages of the thresher operators were not included as they were paid by the owner of the thresher. 
(f) Shrimp inputs   
The farmers purchased hatchery-bred post-larvae of black tiger shrimp (Penaeus monodon) from 
village-level traders locally known as phoria. These traders purchased the post-larvae from the 
hatcheries to sell to local farmers and also purchased shrimp and fish from the farmers to sell to the 
local “depot”. The cost was BDT 5000 per thousand post-larvae (see Table A.10 in Appendix A). 
Locally-made fishing gear, old and new, was used to harvest shrimp in Uttar Kaminibasia. The 
average paid-out cost for purchasing new gear and repairing old gear were used as the cost of fishing 
gear.  
(g) Land cost 
Farmers in the study villages operated farm enterprises on their own as well as leased-in land. In 
Shaheberabad, large farmers mostly grew crops on their own land while medium and small farmers 
leased in about 40% and 70% of their operated area, respectively. In Uttar Kaminibasia, large farmers 
leased in about 20% of their shrimp gher, while medium and small farmers leased in land only for 
wet-season rice cultivation. The rental for leased-in land varied with crop season, the quality of the 
land, and the type of lease agreement (cash rent, mortgage, or crop-share).  
According to Kay et al. (2012), land-use cost can be computed on the basis of the following three 
approaches: (a) valuation of land at its rental price, i.e., the cash rent or the value of the crop-share; 
(b) foregone income from the alternative uses of similar land; (c) interest on the value of the land. 
However, the rental rate usually reflects the short-run opportunity cost of land for farm enterprises. 
In this study, land cost was classified as (a) land rental cost or (b) own-land cost. The land rental cost 
was a paid-out cost while own-land cost was an unpaid cost of family resources. The land rental cost 
was applied to the proportion of land rented in by each type of farmer for the enterprise in question 
and was estimated on the basis of the prevailing cash rental in the active land rental market in the 
area. The unpaid cost or opportunity cost of own land was computed using the same market rate 
applied to the average proportion of operated land that was owned by each class of farmer (see Table 
A.10 in Appendix A). 
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(h) Interest on operating costs (IOC) 
The IOC is the opportunity cost of money (or working capital) needed to run a farm enterprise. The 
cost is calculated by using the current interest rate for the period of time that the capital is tied up in 
specific inputs (seed, fertilizer, labour), that is, from the time of application of the input until harvest 
or when the harvested commodity is ready to sale. For example, the interest charged on the operating 
cost for fertilizer is calculated as follows: IOC of fertilizers = (total cash operating expense for 
fertilizers) x (number of months from application to harvest) x (interest charge) (UC 2012).    
The IOC was calculated in a similar way in this study. The IOC was considered as either as an unpaid 
cost if farmers used their own savings or as a paid-out cost where farmers borrowed money to 
purchase farm inputs. Some farmers in the study villages held saving certificates in the post office or 
bank. Others borrowed from NGOs, moneylenders, relatives, government organizations Bangladesh 
Rural Development Board (BRDP), and village-level and national banks. Hence the financial or 
opportunity cost of capital was a reality to farmers. The IOC was calculated as the imputed interest 
on total paid-out costs, assuming for simplicity the same duration of investment for all inputs in each 
farm enterprise (i.e., from land preparation to harvest). An annual rate of 12% was used, which was 
the government bank borrowing rate at the time of the research. This was similar to the interest paid 
on saving certificates (12.5%). The borrowing rates used by NGOs and moneylenders were high and 
variable; though these no doubt reflect actual costs of capital to individual farmers, it would have 
been difficult to apply such rates in the analysis. The length of the growing cycle as reported by key 
informants for a given enterprise was used as the duration of the investment, i.e., 3 months for dry-
season crops (watermelon and pumpkin), 5 months for rice (T. Aman and B. Aus), and 7 months for 
shrimp.  
 
The gross benefit (GB) of an enterprise was defined as the value of produced output (including by-
products) at the actual farm-gate selling prices, regardless of whether the products were sold, used 
for consumption, retained as seed or livestock feed (rice straw), paid in kind, given to others, or stored 
(Dillon and Hardaker 1993). The GB of rice was measured as the value of rice grain and straw at 
farm-gate prices after one month of harvesting, as farmers sell rice grain and straw over a period, up 
to 3-4 months from the beginning of the harvest (see Table A.8 in Appendix A). Farm-gate prices at 
harvest time were used for watermelon, pumpkin, shrimp, and fish, which were necessarily sold as 
they were harvested (see Table A.8 and A.9 in Appendix A). 
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Following Herdt (1978), the gross income (GI) of an enterprise was defined as the GB less TPC and 
the net income (NI) was defined as GI less TIC. Hence, NI = GB - TC. These were expressed on a 
per-hectare basis. A proxy measure for the return to family labour was used, namely, the ratio of GI 
per ha to the number of days of family labour per ha for each enterprise. Given the high proportion 
of family labour in TIC, this measure gave a reasonable indicator of the return to family labour relative 
to a benchmark wage.  
 
Enterprise budgeting gives a fixed-point estimate of economic performance, without incorporating 
the influence of variability, particularly in yields and prices. Sensitivity analysis is unable to assess 
the effects of more than a few uncertain variables on financial performance and is unable to indicate 
the likelihood of particular outcomes (Lien 2003). Hence, stochastic budgeting was used to 
incorporate the risk associated with the major cropping systems.  
Farmers were asked to estimate the typical, best-case, and worst-case yields and prices for each 
enterprise. The best-case yield was that obtained under favourable weather conditions and the worst-
case yield under unfavourable weather conditions, but extreme events such as cyclones and storm 
surges causing complete crop loss were not included.  
The program @RISK Versions 6.2 and 7 was used along with Excel to derive cumulative probability 
distribution functions for gross income, net income, and gross income per work day of family labour. 
Monte Carlo simulation was applied to triangular probability distributions, with the lower limit as the 
estimated worst case, the mode as the perceived most likely outcome, and the upper limit as the best 
case (Hardaker et al. 2004).  
Stochastic efficiency analysis was carried out to evaluate the risk-return trade-offs by comparing the 
cumulative probability distributions of the alternative enterprise choices (Anderson et al. 1988; Dillon 
and Hardaker 1993). The concept of first-degree stochastic dominance (FSD) assumes merely that in 
choosing between income-earning options, farmers prefer more income to less, whereas the concept 
of second-degree stochastic dominance (SSD) assumes that, for a given expected income, farmers 
prefer less variability to more variability. These concepts were sufficient to rank most crop 
enterprises. 
 
Agricultural sustainability implies the capacity of a farming system to maintain its productivity over 
time, that is, to display a non-negative trend in productivity over a reasonable planning horizon of 
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say several decades (Lynam and Herdt 1989). However, assessment of sustainability is not a 
straightforward matter, depending as it does on internal and external factors that may be reversible or 
irreversible (Harrington 1995). As reviewed in Chapter 2, a wide range of agricultural sustainability 
indicators has been proposed, including economic return, crop yield, soil quality, and food self-
sufficiency.  
In this study, as well as assessing profitability and risk as discussed above, cropping system 
sustainability was assessed from two perspectives. On the one hand, the study focused on how farmers 
have adapted over time to the changing environment, the trends in crop yields, changes in the quantity 
and quality of material inputs, the adoption and adaptation of new technology, reported changes in 
land use and the local ecology, and changes in livelihoods. This included farmers’ perceptions of 
climate change and of the opportunities for and obstacles to adaptation. On the other hand, soil 
chemical properties and salinity in both the dry and wet seasons were analysed to give some indication 
of trends in the underlying resource base. These analyses were compared with secondary data for the 
region as a whole. 
 
Assessing the sustainability of cropping systems under current conditions in coastal Bangladesh is a 
formidable task, let alone under projected long-term climate and environmental change. The 
perspective outlined in this chapter is limited to understanding the everyday cropping choices of 
farmers and farm-households in current and plausible future scenarios, and the methods used are the 
conventional techniques of farm management research, supplemented with the best available models 
to project future productivity. This approach cannot address the larger questions associated with 
global sustainability, such as whether currently unknown tipping points will be exceeded resulting in 
sudden catastrophic sea-level rise that would wipe out agriculture and human habitation in the coastal 
zone in Bangladesh and elsewhere. Nevertheless, despite its limitations, it is hoped that the analysis 
that follows may give some practical indication of a sustainable future for farm households in the 
coastal zone. 
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SHAHEBERABAD VILLAGE PROFILE 
 
 
Shaheberabad is a village of Dacope Union (the first tier of local government of Bangladesh) of 
Dacope Upazila (sub-district) in Khulna District, being located about 33 km south of Khulna and five 
km southeast of Dacope. The village is located at 22.57º N and 89.53º E, in Polder 30 on the bank of 
the Bhadra River. It is protected from the adverse effects of tidal water, flooding and storm surges 
because of a Water and Power Development Authority (WAPDA) embankment. A sealed road runs 
through the village, and houses are located on the southern side of the road. The Chunkuri River runs 
parallel to the northern side of sealed road. The farming land is located to the south of the 
metalled/sealed road and the residential area. Most households have arable land adjacent to their 
homes. A 2.5 km long canal runs along the southern border of the village across the area used for 
cropping (Figure 5.1). 
At the time of the survey, the village had a total population of 1,035 people and comprised 180 
households, with an average family size of 5.75 people and a male-female ratio of 51:49. About 80% 
of total households were farming families. The households were classified into small (with arable 
land ≤ 1 ha), medium (1 ≤ 2 ha) and large farmers (≥ 2 ha). About 77% of farmers of the village were 
small farmers (Table 5.1). Most houses in the village were kutcha, with mud or bamboo walls, rice 
straw or nipa palm (golpata) leaf roof. Some households were semi-pucca (brick walls with iron sheet 
or mud-tiled roof) or pucca (brick walls and concrete/iron roof). The village was connected to the 
national electricity grid in 2014.  
Table 5.1: Classification of households in Shaheberabad 
Categories Household 
number 
Percent of total 
households  
Percent of total 
farm households  
Farm size (ha) 
Small farmer 111 62 77 0.42 (0.25) 
Medium farmer 22 12 15 1.43 (0.33) 
Large farmer 11 6 8 3.04 (0.79) 
Landless 36 20 - - 
Total 170 100 100 - 
 Source: Village census, 2013. Note: Figures in parentheses represent std. dev of farm size  
 
75 
 
 
Figure 5.1: Shaheberabad village map 
Source: FGD, 2103 
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The average family size of the sample households was 5.6 persons (cf. national average of 4.4 persons 
per household). The sex ratio (number of males per 100 females) of the sample families was 100.08 
(Table 5.2), marginally lower than the national average male:female sex ratio (100.3) (BBS 2011a). 
The village population was divided into five categories based on their contributions to farming and 
non-farming activities. For example, people aged ≥ 55 years and aged 14-19 years were categorized 
as “less active” because of their low participation rates in both farming and off- or non-farm income-
earning activities. Family members aged 20-55 years were regarded as the most active people, due to 
their high involvement in income-generating activities. The survey revealed that 59% of the 
population was in the active age group, whereas 10% and 11%, respectively, were in groups above 
and below the active age group. Particularly notable was the increase in the level of education of 
younger people, reflecting an increase in the mean number of years of schooling of lower age groups 
(Table 5.2). 
Table 5.2: Demographic features of households in Shaheberabad 
Items Number % distribution 
Family size 5.6 - 
Male  2.9 52 
Female 2.7 48 
Age classification of population Population (%) Education (years of schooling) 
Less active age (>55 years) 10 4 
Active age (20-55 years) 59 8 
Youth (14-19 years) 11 10 
Children (6-13 years) 16 All are students 
Infants (<6 years) 4  
Source: Farm household survey, 2014 
Table 5.3 presents some of the basic agricultural statistics of the sample households. The mean farm 
size of the different farm types among the sample households was consistent with the mean farm size 
of the farm types in the 2013 census presented in Table 5.1. The age, education and farming 
experience of the sample households was consistent among the farm size groups. However, total rice 
production of the large farm households was nearly double that of medium farm holders, and over 
five times greater than that of small farm holders. Large and medium farm holders were not only self-
sufficient in rice, but both the large farms (69%) and medium farms (50%) had marketable rice 
surpluses. Although small farm holders had a slight rice deficit (3 months a year) in terms of their 
family consumption needs, they were, on average, selling 30% of their total rice production.  
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On average, about 57% of the homestead area was being used for gardening and pond fish culture. A 
large number of vegetables were cultivated year-round in the homestead garden, for both home 
consumption and sale. In addition, a large number of fruit and timber trees were grown in the 
homestead area. The fish ponds were very important for the farm households, providing a vital source 
of dietary protein and some cash income. In addition, the ponds were the only source of water for 
regular domestic activities and a source of small-scale irrigation water. The dikes of the ponds were 
used for cultivating vegetables and the water in the ponds was used for regular domestic activities 
and irrigating dry-season crops. There were no large differences in the number of livestock per 
household among the three farm types, but the average number of cattle and poultry per farm 
household in the village was significantly higher than the national average of 2 cattle/buffalo, 3 
goats/sheep, and 9 ducks/fowls (Table 5.3) (BBS 2011b). 
Table 5.3: Agricultural statistics of different farm household types in Shaheberabad 
 Items 
Large 
(n=6) 
Medium 
(n=14) 
Small 
(n=31) 
All/Mean 
(n=51) 
Age of household head (years) 49 50 44 48 
Farming experience of head (years) 25 25 20 24 
Education head (years) 7 7 6 7 
Homestead area (ha) 0.24 0.17 0.08 0.12 
Home-yard garden (% of total home area) 17 28 31 20 
Fish pond (% of total home area) 43 30 37 37 
Farm size (ha) – mean  
                        – standard deviation 
3.02 
0.60 
1.53  
0.30 
0.55  
0.24 
1.11  
0.87 
Rice production (tonne) 12.5 6.1 2.2 4.5 
Rice self-sufficiency (number of months)  12 12 9 10 
Total rice used for family consumption (%) 31 48 71 60 
Surplus rice as a percentage of total rice  69 52 29 40 
Number of cattle 8 7 4 5 
Number of goats and sheep 2 1 1 1 
Number of poultry 17 17 15 15 
Source: Farm household survey, 2014  
Figure 5.2 presents the annual arable land utilization statistics for the different farm household types. 
Little arable land remained fallow in the wet season, irrespective of farm size. A large difference 
prevailed in land utilization in the dry season and early wet season among the farm household types. 
Nearly two fifths (39%) of total cultivable land of large farms, 28% of medium farms, and 2% of 
small farms remained fallow in the dry season. That potentially cultivable land remained fallow in 
the dry season may be due to potential dry-season crops being labour- and input-intensive, the 
inadequacy of freshwater for irrigation, or a preference for some areas to remain fallow for cattle 
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grazing. The larger adoption of early-wet-season rice cropping in the case of small farms (36%) may 
reflect the fact that wet-season rice production was insufficient to meet year-round family 
consumption needs, compared with large farmers, for whom only 3% of the area was used for early-
wet-season rice.  
 
Figure 5.2: Annual arable land utilization statistics of different farm household categories  
Note: WS = Wet season, EWS = Early wet season  
Farming was the only means of livelihood for 33% of households, while it was the primary and 
secondary occupation of 27% and 20% of households, respectively. Off-farm wage employment was 
the only livelihood option for 14% of households, the primary occupation for 8% of households and 
secondary occupation for 17% of households. Self-employment (push-van driver, engine-van driver, 
tractor driver, carpenter, barber, mechanic, petty business and private tutor) was only income source 
for 6% of households, the primary income source for 9% of households, and the secondary income 
source for 8% of households. Some 96% of households in Shaheberabad directly or indirectly 
depended on agriculture for their livelihoods (Table 5.4). 
There were three informal pre-primary private schools in Shaheberabad which children attended 
before starting primary school. There were two formal government primary schools and most children 
in the village studied in these schools. About 90% of secondary students attended the local high 
school, while 10% attended a high school in the upazila headquarters. All the higher secondary 
students studied at a college in Dacope. People of Shaheberabad received health services from the 
upazila health complex at Dacope as well. 
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Table 5.4: Occupational classifications of Shaheberabad households 
Occupations Number of 
households 
% of total 
Primary Secondary 
Farming  - 71 33 
Farming Wage employment 35 17 
Wage employment  - 30 14 
Self-employment  Farming 19 9 
Wage employment Farming 17 8 
Self-employment  - 12 6 
Farming Self-employment  16 8 
Service sector Farming 7 3 
Farming Service sector 5 2 
 Total  - 212 100 
Source: Village census, 2013 
 
According to key informants, the total area of Shaheberabad was 153 ha, of which about 87% (133 
ha) was arable land and 13% (20 ha) comprised homestead areas. About 70% of the homestead land 
area was occupied by home-gardens (for year-round vegetables), fish ponds, and orchards (for timber 
and fruit trees). The village areas were flat. Most arable land (85%) was classed as “medium-high” 
(land flooded to about 90 cm) and the remainder (15%) was “medium-low” (land flooded to 90-
180cm) (BBS 2014b). 
A village extension worker reported that the soil of Shaheberabad was mostly clay-loam, with a 
smaller area of sandy-clay. Table 5.5 summarises the soil chemical properties of Shaheberabad. 
Despite being protected from brackish-water shrimp culture, soil salinity in Shaheberabad has been 
steadily increasing over time in the dry season. The mean soil salinity increased to 7.73 dS/m in the 
DS, but both the soil and water salinity dropped to 0.57 and 1.19 dS/m, respectively, during the 
cultivation of WS rice. 
According to the classification of the Soils Resource Development Institute (SRDI), the level of 
salinity of Shaheberabad belongs to the “slight” category (4.01-8 dS/m). The average soil reaction 
was neutral but the range was from strongly acidic (4.5-5.5) to slightly alkaline (7.4-8.4) (SRDI 
2012). According to the fertilizer recommendation guide of 2005, the level of organic matter (OM) 
in the Shaheberabad soil was medium (1.8-3.4%), nitrogen was low (0.091-0.18%), phosphorus was 
medium (10.51-15.75 µg) to optimum (15.76-21.0 µg), zinc was low (0.451-0.9 µg), boron was high 
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(0.61-0.75 µg) to very high (>0.75 µg) but the levels of sulphur (>37.5 µg) and potassium soil (>0.45 
meq) were exceptionally high (BARC 2005). 
Farmers in the focus group reported that the fertility of the arable land soil had not only decreased, 
but had also shown an increase in the level of salinity. The increase in soil salinity was attributed to 
the impact of super cyclone Aila in 2009; prior to the cyclone the level of salinity was said to be low. 
In addition, soil fertility had decreased due to an increase in the intensity of land use, growing the 
same crops for many years, the application of less organic fertilizer, and improper doses of chemical 
fertilizers. The application of organic fertilizer had decreased due to the decrease in the number of 
cattle being raised in Shaheberabad, as well as the use of dry cattle faeces as cooking fuel. Input use 
for watermelon indicated that most farmers applied overdoses of chemical fertilizers, but this was not 
the case for WS and EWS rice cultivation, for which traditional cropping practices tended to be used, 
despite receiving instruction on modern cultural practices. Key informants and the village extension 
worker agreed with the above summary. 
Table 5.5: Soil chemical properties in Shaheberabad 
Items Mean Range St. Dev. 
pH 6.9 5.6-7.8 0.79 
Soil salinity (dS/m) in DS 5.73 4.28-7.5 1.27 
Soil salinity (dS/m) in WS 0.57 1.5-0.1 0.29 
Water salinity (dS/m) in WS 1.19 0.6-3.0 0.61 
Organic Matter (%) 2.22 1.82-3.41 0.52 
Total Nitrogen (%) 0.13 0.11-0.18 0.02 
Potassium (meq/100gm soil) 0.41 0.3-0.59 0.1 
Phosphorus (µg/g soil) 12.7 9.6-18.9 2.9 
Sulphur (µg/g soil) 92.75 41.66-161.71 47.36 
Boron (µg/g soil) 0.75 0.62-0.96 0.13 
Zinc (µg/g soil) 0.22 0.1-0.44 0.13 
Source: DS soil samples were collected in March 2013. Soil and water samples were collected during 
WS cropping (mid-August to early-December) 2014, and analysed in the SRDI, Khulna laboratory; 
St. Dev. = Standard Deviation. 
Bhadra is a tidal river and the water becomes fresh after the monsoonal rainfall in July/August and 
remains fresh until mid-December. As a result, WS rice in Shaheberabad escapes from the stress of 
changes in rainfall pattern or drought due to the regular flow of fresh tidal water in the river. In 
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addition to water, plenty of alluvium is deposited in the WS rice fields from the tidal waters of the 
Bhadra River, through the Chunkuri River. WS rice was generally not adversely affected by flooding 
or water-logging since the construction of the WAPDA embankment in 1967. However, farmers 
could not use the Bhadra River water for irrigation of dry season (DS) crops due to increased salinity 
during the dry season. In this respect, the connecting sluice gate between the Bhadra and Chunkuri 
rivers was closed by local authorities every year in late-November or early-December to prevent the 
intrusion of saline water. 
Farmers in the discussion group mentioned that, despite closing of the sluice-gate between the Bhadra 
and Chunkuri rivers, until 2007 saline water was still able to intrude into the reserved fresh water 
irrigation areas of the Chunkuri River through leakages. Therefore, the local Union Council with the 
help of voluntary labour from the villagers and a local NGO called Sushilun, would every year, in 
late November or early December, construct a temporary earthen embankment about 50 metres from 
the sluice gate in order to prevent saline water intrusion into the fresh water reserve. The local Union 
Council, with the voluntary help of the villagers, would reopen the flow of the water between the 
Bharda and Chunkuri rivers by breaking the earthen embankment following the harvest of the DS 
crops (Figure 5.3). However, key informants during a visit to the village in 2014 mentioned that, due 
to a broken sluice gate, the earthen embankment had not been reopened from 2013 for the control of 
river flooding during the wet-season.  
 
 
 
 
 
 
 
 
 
(b) Earthen embankment beyond the sluice gate to provide 
firm protection against saline water intrusion into fresh 
water reserve in Chunkuri River (Kabir 28/02/2013) 
(a) Closed sluice gate on the embankment of Bhadra river 
to provide protection against saline water intrusion into 
fresh water reserve in Chunkuri River (Kabir 28/02/201) 
  
Figure 5.3: Irrigation water management in Shaheberabad 
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Farmers in the discussion group and key informants stated that the main source of fresh water for 
irrigation of DS crops was the Chunkuri River (a tributary of the tidal Bhadra River). The river flows 
along the northern and eastern sides of the main road of Shaheberabad. The length of the river in the 
village area was about 2.5 km. There was also a canal that was an important source of irrigation water. 
The canal was about 2 km long and connected with the Chunkuri River on the eastern side of the 
village (Figure 5.4). In addition, most households had their own fishponds; the water in these ponds 
also provided a good source of irrigation water. Some farmers also excavated trenches in the fields, 
mainly to provide a water reserve for potential irrigation use, but also for raising fish. In this context, 
DAE had facilitated the excavation of trenches in the crop fields within a project aimed at improving 
access to irrigation water. The NGO World Vision Bangladesh had re-excavated canals and trenches 
in crop fields within a project focused on the economic development of rural people. 
 
 
 
 
 
 
 
 
According to farmers in the discussion group, until 2006 most households drank unprocessed pond 
water, resulting in a high incidence of cholera and diarrheal diseases, especially in the dry season. In 
this context, the Local Government and Engineering Department (LGED) established one large and 
three or four small water treatment plants for purifying pond water. Female household members 
collected drinking water from these plants. In addition, some households collected rain water in 
earthen jars for drinking (Figure 5.5). Fish pond water was also intensively used for regular domestic 
purposes, such as for cooking, washing utensils and clothes, and bathing. 
  
(a) Chunkuri River, main fresh water reservoir for dry 
season cropping in Shaheberbad (Kabir 16/03/2013)  
  
b) A canal, an important source of fresh water reservoir for 
dry season cropping (Kabir19/03/2013) 
Figure 5.4: Major sources of irrigation water for dry-season cropping in Shaheberabad 
83 
 
 
 
 
 
 
 
 
 
 
 
 
 
Farmers in the discussion group stated that, after independence in 1971, wet-season (WS) rice 
(transplanted Aman rice) followed by fallow was the only cropping pattern, covering about 80% of 
the arable area, while the remaining area comprised cultivable wasteland (land available for 
cultivation) (Table 5.6). Despite using only local varieties (LVs) of WS rice, the majority of the 
farming families in Shaheberabad were food-secure, as the population of the village was low and 
farm size quite large. However, there was a lack of employment opportunities for the marginal and 
small farmers, as well as landless people, due to the low intensity of land use. Thus, some small 
farmers and landless people would temporarily migrate to other districts to seek work as agricultural 
labourers; some would also go to the Sundarbans mangrove forest for the collection of wood and 
honey, while some would catch fish in the rivers. 
According to key informants, farmers started to cultivate LVs of rice and jute in the early wet season 
(EWS), and pumpkin and sesame in the dry season (DS), in 1977. Despite the adoption of new crops, 
WS rice followed by fallow was still the most widely adopted cropping pattern, covering about 76-
79% of the cultivated land, while about 6-7% of area was used for DS crops and 10-12% of the area 
for EWS rice in 1976 (Table 5.6). The productivity of rice and other crops was low (the yield of EWS 
and WS rice ranged from 1.5 to 1.8 t/ha), due mainly to the use of local varieties and traditional 
cultural practices. Increased opportunities for off-farm work were sought by villagers. 
 
 
(a) Local government and engineering department 
constructed public water treatment plant (Kabir 21/02/2013) 
(b) Rain water reserved in a public pond and treated 
at the plant (left) for drinking (Kabir 21/02/2013) 
  
Figure 5.5: Major sources of fresh water for drinking in the dry season in Shaheberabad 
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Farmers in the discussion group reported that Green Revolution technologies were not adopted in 
Shaheberabad until 1975. In 1976 an international organization, the Christian Service Society (CSS), 
introduced modern varieties (MVs) of rice (transplanted Boro rice) in the DS, along with power 
pumps and chemical fertilizers, for increasing the level of food self-sufficiency in the village. The 
Chunkuri River and the canal were the prime source of freshwater irrigation for DS rice crops. The 
CSS formed a group of advanced farmers and set up demonstration trials of DS rice on their land. 
After observing the successful demonstration trials, some farmers commenced the cultivation of DS 
rice from 1980. The yield of DS rice (2.0-2.5 t/ha) was higher than that of WS rice (1.6-2.0 t/ha) and 
EWS rice (1.5-1.8 t/ha). After the adoption of DS rice, farmers stopped cultivating jute but the area 
of EWS rice increased. In addition, farmers started cultivating sesame and various vegetables in the 
DS. As a result, the area under DS crops, including rice, increased significantly from only 7% of the 
total area in 1979 to 40% in 1985, with the cultivation of the DS crops continuing until 1990 (Table 
5.6). As a result of the increased intensity of land use in the village and other areas, opportunities for 
off-farm employment increased. As a result, there was a decline in people’s participation in risky self-
employment activities like collecting wood and honey from the Sundarbans and capturing open-water 
fish. 
According to informants in the village, shrimp farming commenced in neighbouring villages in 1987. 
After a couple of years of brackish-water shrimp farming in the adjacent village, the productivity of 
DS rice, vegetables, pulses, and EWS rice showed a significant decline, with the area being used for 
the cultivation of these crops decreasing. After 1990, the area of EWS rice cultivation showed a slight 
decline, from 17% to 15% of the area, while the area used for DS rice also declined from 10% to 7% 
of the area. The total area used for DS crops (sesame, DS rice, vegetables and pulses) also showed a 
significant decline from about 40% of the total arable area in 1990 to 12-15% in 2002 (Table 5.6).  
Despite the reduced intensity of land use, farmers of the village protested against the adoption of 
shrimp farming after much debate and discussion, as over 70% of farmers were against brackish water 
shrimp farming, partly because the topography of most of the arable land in Shaheberabad was not 
well-suited to shrimp aquaculture and partly because of their apprehension of the potential for adverse 
effects of brackish water shrimp culture on the environment. As a result, opportunities for off-farm 
labouring work in the village decreased, so that there has been an increase in the rate of temporary 
migration to the other districts and participation in more risky jobs like collecting wood and honey 
from the Sundarbans and open-water fishing. 
Farmers in the discussion group reported that, after the cyclone in 1988, government and non-
government organizations undertook various activities for agricultural intensification to increase food 
85 
 
production in these areas. The Department of Agricultural Extension (DAE) and NGOs distributed 
MV seed of various DS crops, including vegetables and fruit (mainly watermelon). In addition, the 
DAE established demonstration trials for EWS rice and DS vegetables (pumpkin, bitter gourd, okra 
and long bean) and fruit (watermelon) over several years, commencing in 1989. The area of DS crops 
and EWS rice commenced to increase again after 2-3 years of successful trials. 
Table 5.6: Changes in cropping patterns in Shaheberabad from 1972 to 2013 
Period Wet season 
(WS) 
Dry season  
(DS) 
Early wet 
season (EWS) 
% of arable 
area  
Rice yield (t/ha)  
1972-1976 T. rice Fallow Fallow 80 1.5-1.7 (WS) 
1977-1979 T. rice 
Fallow Fallow 76-79 1.5-1.8 (WS) 
Fallow B. rice 1-12 1.5-1.6 (EWS) 
Vegetables Fallow 1-7  
Fallow Jute 1-5  
1980-1990 T. rice 
Fallow Fallow 45-60 1.6-2.0 (WS) 
Sesame Fallow 1-18 
Fallow B. rice 12-15 1.5-1.8 (EWS) 
Vegetables/ 
pulses 
Fallow 7-12 1.6-2.0 (WS) 
T. rice  Fallow 1-10 2.0-2.5 (DS) 
1991-2002 T. rice 
Fallow Fallow 45-70 2.0-2.5 (WS) 
Vegetables Fallow 10-15  
Fallow B. rice 8-15 1.5-1.7 (EWS) 
T. rice Fallow 7-10 2.5-3.5 (DS) 
2003-2010 T. rice 
Watermelon B. rice 1-40  
Watermelon Fallow 1-20 3.0-4.5 (WS) 
Fallow Fallow 18-30  
Pumpkin B. rice  5-10 2.5-3.5 (EWS) 
Pumpkin Fallow 1-5  
Vegetables Fallow 5-7  
2011-13 T. rice 
Watermelon Fallow 40-45 3.0-4.5 (WS) 
Fallow Fallow 20-35  
Pumpkin Fallow 7-10  
Watermelon B. rice 6-10 2.5-3.5 (EWS) 
Pumpkin B. rice 4-5  
Vegetables Fallow 3-5  
Source: Farmers in the discussion group, 2013; T. rice = Transplanted rice; B. rice = Broadcast rice.  
According to informants, the demand for food in the area has increased substantially due to population 
increase. The increased food demand has had to be met from a decreasing amount of arable land. 
DAE commenced demonstration trials in the village on MV of WS rice in 1995 and MV of DS rice 
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and EWS rice in 2000. Although no major changes took place in the cropping patterns during the 
period 1990-2002, the area of DS crops and EWS rice declined in the village, probably because of 
the adverse consequences of shrimp farming in adjacent villages. However, total paddy rice 
production in the village increased from 2000, due mainly to a large increase in the area planted with 
MVs to nearly 40% of the total WS rice area (Table 5.6) and the adoption of chemical fertilizers.  
Farmers in the discussion group said that the DAE along with some NGOs, such as World Vision 
Bangladesh, HEED Bangladesh, Shushilan and BRAC, reinforced promotional activities (training, 
demonstrations, farmers’ field days and farmers’ field visits) for increasing the adoption of DS crops, 
particularly watermelon, from 2000. As a result, small-scale cultivation of watermelon commenced 
in the village in 2003. Initially the demand for and price of watermelon were low and farmers would 
sell the fruit in the village market. However, demand for watermelon increased significantly after 
several years when traders locally (phoria) started to purchase watermelons from the farm gate to 
market in the cities. The area of hybrid watermelons consequently increased to 25% of the total area 
by 2005, 50% by 2007, and 60% by 2010. Most of the increase in production took place on pasture 
land as well as replacing the growing of pumpkin, DS rice, and other vegetables, as watermelon 
production was more profitable and irrigation-efficient. However, the area of watermelon decreased 
to 45-50% of the total area after 2011, due mainly to decreased yield because of changes in the 
environment, namely, increased soil salinity after cyclone Aila in 2009, rising temperature, and 
changes in rainfall pattern (Table 5.6).  
According to farmers in the discussion group, the DS rice covered 7-10% of the area until 2002. 
Thereafter, it decreased sharply and at the time of this research DS rice was no longer grown, due to 
the introduction of more water-efficient and profitable alternative crops. For instance, in 2013 
available fresh water would be used for growing DS crops on about 85% of the arable land. However, 
in 2001 when this water was used to cultivate DS rice, there was sufficient water for cropping only 
10% of arable land. The local Union Council therefore imposed restrictions on DS rice cultivation in 
Shaheberabad.  
On the other hand, the area under cultivation to EWS rice started to increase again after promotional 
activities of the government and NGOs. The area of EWS cultivation showed a substantial increase 
to about 45-55% of the total area in 2010 after the end of shrimp farming in the neighbouring villages 
in 2008, as well as in response to the rising price of paddy rice. However, the area of EWS rice then 
showed a dramatic decrease to 6-7% of the area from 2011, due mainly to a large price decrease for 
paddy rice and changes in the rainfall pattern and/or erratic rainfall which affected the productivity 
and hence the adoption of EWS rice (Table 5.6). Despite the decrease in the area of EWS and DS 
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rice, the informants reported that the majority of the food-deficit families had become food-secure 
after the introduction of the MVs of WS rice, due mainly to the higher yields achieved. 
Farmers in the discussion group reported that, until 1997, draught animal power was the only option 
for ploughing arable land. In 1998 a couple of farmers purchased two-wheel tractors for ploughing 
their own land and renting out to plough other farms. At the time of the research, there were about 15 
two-wheel tractors in Shaheberabad; most of the land was now ploughed by tractors. Although none 
of the farmers owned a four-wheel tractor, they were being brought to the village from other districts 
for ploughing land in the dry season.  
The participants in the discussion group unanimously agreed that the power tiller technology had 
become very popular with farmers, as the technology had substantially reduced the turnaround time 
for establishing crops (i.e., the time required for preparing land to plant the following season’s crops 
after harvesting the previous season’s crops). Some key informants estimated that the adoption of 
tractor tillage had reduced the land tillage time by about 80% when compared with the use of draught 
animal power. A farmer could now plough an area within two days by tractor that would normally 
take 10 days to plough using draught animal power. In addition, the productivity of rice and other 
crops, and the area of DS crops, had significantly increased following the introduction of power tilling 
technology, because farmers could plant crops quickly and early. Besides, weed infestation had 
decreased in the WS rice as the mechanisation of land preparation had resulted in the removal of grass 
roots from the fields.  
Farmers in the discussion group reported that, although the application of chemical fertilizers and 
insecticides had commenced in DS rice in 1976, they had only started applying chemical fertilizer to 
the WS rice crops in 1996 and EWS rice crops from 2001, following the adoption of MVs of rice. 
The amount of chemical fertilizers and insecticides being used had also shown a substantial increase 
following the commencement of cultivation of hybrid varieties of watermelon in 2002. The 
respondents highlighted that the productivity of rice and DS crops had increased following the 
application of chemical fertilizers and insecticides to the crops. 
Farmers in the discussion group reported that the CSS introduced low-lift pumps (LLPs) – power-
operated centrifugal pumps used for drawing up surface water – for irrigating DS rice crops in 1976. 
The use of the LLP had increased mainly due to a large increase in the area of DS crops after 2005. 
At the time of the research, there were about 25-35 power pumps in Shaheberabad. Plastic hoses and 
LLPs were intensively used for irrigating DS crops. Both two-wheel and four-wheel tractors were 
used for ploughing crop land in the village. The tractors were used for threshing rice by running them 
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over the harvested rice panicles. They were also used for carrying farm output by connecting a trolley. 
Powered rice threshers were introduced into the village in 2006 and there were about 4-5 powered 
threshers at the time of the research. The powered threshers had not only reduced the cost and time 
of threshing rice but also increased the efficiency of threshing.  
 
 
The major components of the farming system in Shaheberabad were crops, homestead gardens and 
dike crops, aquaculture, and livestock. Crops were the most important sub-sector but aquaculture, 
homestead gardening and dike cropping, and livestock rearing had considerable roles as well. Crops 
were grown in three seasons: rice was cultivated in the WS and EWS, while vegetables and fruit were 
cultivated in the DS. Most households grew vegetables year-round in the homestead areas and on 
pond dikes, while fish were raised in ponds and livestock were raised on fallow land.  
Farmers estimated that transplanted Aman rice was cultivated on 100% of the arable area in the WS, 
while Aus rice was cultivated on only about 6-7% of the area in the early wet season (Table 5.6 
above). Most of the land remained fallow after the harvest of DS crops and was used for grazing cattle 
until the areas were ploughed in preparation for transplanting of WS rice. The area cultivated with 
DS crops (watermelon, pumpkin, Indian spinach, bitter-gourd and okra) was about 65-70% of the 
arable area. Watermelon was grown on about 50% of the area and pumpkin on 12%, with the 
remaining 8% being planted to other DS crops. Farmers estimated that 30-35% of the arable area 
remained fallow in the DS, mainly on account of inadequate irrigation water, lack of working capital, 
low crop productivity, and to keep some land fallow for grazing cattle. They presumed that the 
productivity of DS crops was low in some areas partly because of a high level of salinity and partly 
because of the need to delay the planting of DS crops in areas where the soil remained too wet to 
plant seed due to lower topography, to the point of exceeding the optimum time for planting. 
WS rice followed by watermelon and fallow was the predominant cropping pattern, being adopted on 
40-45% of the cultivated area. The second main cropping pattern was WS rice followed by pumpkin, 
which covered 7-10% of the cropping area. WS rice followed by pumpkin or watermelon and EWS 
rice was adopted on 6-7% of the cropping area. In addition, about 4% of the area was used for WS 
rice followed by vegetables (Indian spinach, bitter gourd, ridge gourd, cucumber, muskmelon, sweet 
potato, chillies and long bean) and fallow. Nearly 90% of the arable area was used for grazing cattle 
during the EWS, after the harvest of the DS crops (Table 5.6 above). 
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While agriculture was the most important livelihood activity for Shahaberabad residents, off-farm 
wage employment was also a vital source of household income for poorer households (Table 5.4 
above). One of the key informants said that wage workers generally formed a group consisting of 5-
12 persons and they hired out their labour in different seasonal and permanent labour markets. The 
seasonal labour markets in the vicinity of Shaheberabad were in weekly bazaars, such as in Chalna, 
Bajua, Kalinagor and Goraikhali, during the transplanting and harvesting periods of monsoon rice. In 
addition, year-round labour was sold in some markets, such as Batiaghatabazar, Kaiabazar, 
Kailabazar, and in different places in the district headquarters and in markets in the other districts. 
The majority of male labourers were landless, while others were small and medium farmers who 
temporarily moved to other districts as part of working groups to work on transplanting and harvesting 
WS rice. In addition, wage workers also found some work in their own village for both transplanting 
and harvesting of WS rice. 
Although the increased intensity of DS cropping in Shaheberabad had increased employment 
opportunities, these opportunities were mainly available to female wage workers. Farmers were more 
interested in employing female workers during the dry season as the wage rate for female labourers 
was lower than for male workers. Family members and hired female wage workers also intensively 
took part in the cultural activities, as well as harvesting and carrying DS crop produce. Some female 
labourers also carried out repairs and maintenance of roads and embankments through local 
government and NGOs. Male wage workers often moved to other districts during the dry season due 
to the availability of employment opportunities in the transplanting of DS rice, as well as to harvest 
DS rice, for which they often received in-kind (paddy) payment used for their own consumption. 
Wage workers often moved to other districts during the early wet season and post wet seasons due to 
the substantial decrease in the area of EWS rice in the village. 
According to key informants, a substantial number of people had permanently migrated to India for 
better livelihood options, as well as because of religious persecution. A few wage workers went to 
India for short-term work in agricultural and non-agricultural activities, while some had moved to 
cities to work as non-agricultural labourers. In addition, some people were petty traders, vendors, and 
seasonal agricultural businessmen. A few people were employed in government and non- government 
organizations and a few were fishermen.  
The major cropping patterns, timing of major operations, and off-farm employment in Shaheberabad 
are incorporated in the activity calendars in Figures 5.6 and 5.7. Graphs of local climate statistics 
(temperature and precipitation) are also attached to the calendars. 
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Figure 5.6: Seasonal cropping calendar for Shaheberabad before 2000 
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Figure 5.7: Current seasonal cropping calendar for Shaheberabad  
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WS rice was the most important crop for family subsistence. As noted, WS rice was planted on all 
the arable land in the village. Modern varieties of rice (BR 23, BRRI dhan 41, BRRI dhan 49) were 
adopted on about 80% of the cultivated area, with the remainder of the area being planted to local 
rice varieties called Shadamota, Baran and Nonakochi. The MVs of rice were cultivated on medium-
high land as MV rice had lodging problems on the medium-low land. LVs of rice were grown on 
medium-low land as these varieties had less lodging problems. They also had better eating qualities. 
Nevertheless, the MVs produced better yields than the LVs (Table 5.7). The informants mentioned 
that less fertilizer needed to be applied to WS rice, partly because of the residual effect of fertilizer 
applied to earlier crops, and partly because of the favourable effects of tidal water alluvium on the 
rice fields. However, the productivity of WS rice was reported to show large fluctuations (Table 5.7), 
largely reflecting the erratic pattern of rainfall. The time of transplanting WS rice had shifted to mid-
August to mid-September, relative to the previous transplanting time of mid-July to mid-August, the 
delay reflecting a change in planting time of seedbed nurseries which, in turn, reflected a delay in the 
start to the WS rains (Figures 5.6 and 5.7).  
Broadcast Aus rice cultivated in the EWS was also an important subsistence crop until 2010. 
However, the area planted to this category of rice had shown a marked decrease due to a combination 
of a decline in the paddy rice price, changes in the rainfall pattern that adversely affected yield (less 
frequent or delayed rainfall during the EWS), and a decline in the productivity of each crop when 
three consecutive crops were grown within a year (WS rice/DS rice/EWS rice). EWS rice was 
cultivated on about 6-7% of the area. Households which were not food-secure from WS rice cultivated 
rice in the EWS for their own consumption.  
Table 5.7: Productivity of wet season rice in Shaheberabad under different seasonal conditions  
Variety  Worst Typical Best 
Modern variety (t/ha)  2.5-3.0 3.3-3.6 4.2-4.8 
Local variety (t/ha)  1.2-1.8 2.1-2.4 2.7-3.0 
Source: Case studies, 2013 
 
According to informants, the most widely adopted DS crop was watermelon, followed by pumpkin 
and a number of vegetables (Indian spinach, bitter gourd, ridge gourd, okra, cucumber, long bean, 
sweet potato, chillies and muskmelon). Watermelon was seen as a short-duration (around 60 days), 
highly-profitable cash crop and the most important source of farm cash income. In addition, the 
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irrigation requirement for watermelon was substantially lower than for DS rice. Moreover, little or 
no fertilizer was usually applied to the rice crops (EWS and WS rice) grown following the harvest of 
the watermelon. If no EWS rice was planted, grass grew prolifically after growing watermelon, 
providing cattle feed. However, the down-side was that the watermelon was a highly labour-intensive 
crop, requiring labour inputs for most cultural operations including land preparation (removal of the 
WS rice stubble), bed preparation, planting, manual irrigation, fertilizer- and pesticide- application, 
digging and mounding up, and mulching with rice straw. Moreover, marketing of watermelon from 
the field to the district headquarters was also a labour-intensive activity (Figure 5.8). After harvesting, 
the fruit was first moved to roadside gathering points where it was loaded onto locally made trolleys 
for shifting to the Bhadra River transportation terminal across the river, from where it was loaded 
onto trucks for transportation to markets in urban centres of the country.  
Farmers regarded watermelon as a risky crop because the yield was highly sensitive to stress, 
including drought, excessive rainfall, hail and storms, salinity, and insect pests (Table 5.8), and the 
farm-gate price was unstable. The productivity of the crop could drop substantially if there was no 
rainfall or/and heavy rainfall during April to early May, as the reserves of fresh water in the rivers, 
canals and ponds were usually depleted by that time. Infestation of diseases (fungal and root rot 
disease, black rot disease, and wilting) and insects (fruit fly) also significantly reduced watermelon 
yield in some years. The farm-gate price was greatly influenced by local traders because of the 
oligopolistic nature of the watermelon market at the farm gate. Key informants also mentioned that 
there was a lack of good quality watermelon seed and fertilizer at the village level, while the price of 
watermelon seed was high. 
The second most important DS crop in the village was pumpkin. Key informants said that seasonality 
had less effect on the yield of pumpkin than on that of watermelon (Table 5.8). Pumpkin could give 
good yields despite no rain and/or heavy rainfall during the period from mid-April to mid-May. In 
addition, it was possible to store pumpkins for household consumption and/or later sale when the 
price rose. The fertilizer, insecticide, labour and irrigation requirements for pumpkin were not only 
much lower than for watermelon but the price of pumpkin seed was also much lower. However, the 
market for pumpkin was unstable. 
Table 5.8: Yield of watermelon and pumpkin under differing seasonal conditions in Shaheberabad 
Source: Case study, 2013 
Seasonal condition  Water melon yield (t/ha)   Pumpkin yield (t/ha)  
Worst  15-24 12-16 
Typical 25-37 18-21 
 Best  36-51 26-40 
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Homestead gardening was an integral part of the farming system in Shaheberabad. In the past, women 
used to grow various indigenous winter and summer vegetables for home consumption. However, the 
adoption of HYV of vegetables in home gardens had increased since 2000 due to availability of HYV 
seeds in the markets as well as some successful trials on the cultivation of vegetables in homeyards 
conducted by the DAE. The intensity of using the homestead areas for growing vegetables increased 
substantially after 2008 due to a large price rise for vegetables. At the time of the research, vegetables 
were cultivated in the homestead areas year-round for home consumption, with any excess being sold.  
a) Men and women planting watermelon (Kabir 
25/02/2013) 
  
(b) Breaking up the soil before applying flood irrigation and 
fertilizers (Kabir 22/03/2013) 
  
c) Loading watermelon onto a trolley after harvesting in 
Shaheberabad (Kabir 06/05/2014)   
(d) Loading watermelon onto a boat for transportation to 
city markets (Kabir 06/05/2014)   
Figure 5.8: Cultural operations for watermelon production in Shaheberabad 
95 
 
In addition, all households in the village had various indigenous fruit and timber trees in the 
homestead areas, with some households selling fruit such as coconut, sapodilla, tamarind, drumstick, 
lemon, Indian olive, and carambola. Some households also grew vegetables on the dikes of ponds. 
The village extension worker and the Upazila Agriculture Officer reported that villagers would like 
to be self-sufficient in vegetables year-round and they selected vegetables accordingly. 
Farmers in the discussion group said that rearing livestock (cattle and goats) was an important 
component of farming system until 2003, when over 60% of arable land remained fallow and was 
used as pasture for grazing ruminant animals during the DS and EWS. At that time every household 
had a large number of livestock, ranging from 5 to 20 animals. Livestock provided a good source of 
family food, income, fuel, and organic fertilizer. For instance, milk was an important source of protein 
and cow dung was used as an organic fertilizer and cooking fuel, after drying. Most important, 
livestock could be sold for cash. Most of the small and medium farming households could sell milk, 
farmyard manure, and dried cow dung as cooking fuel to help with regular household expenses. In 
addition, they could sell cattle and goats to meet large family expenses (the cost of house repairs or 
children’s marriage costs) and farm expenses, as well as costs of adaptation to adverse conditions 
(natural calamities or illness of family members). 
However, since 2005, the number of cattle per farming household had declined to between 2 and 6, 
due mainly to a lack of feed. The availability of livestock feed has declined considerably, for two 
reasons. First, the substantial increase in the area of dry season crops and early wet-season rice had 
reduced the grazing area. Second, the production and availability of rice straw had decreased due to 
the decline in DS rice cultivation and the increased cultivation of short-statured MVs of WS rice. 
Rice straw had previously been sufficient to feed cattle for six months (July to December), after which 
the cattle grazed on the pastureland. 
During the second period of field work in May 2014, the key informants mentioned that rearing cattle 
had again become popular and the number of cattle per household in the village had increased to 2-
12 because of the drop in the area of EWS rice cultivation, and a decrease in the area under DS crops, 
because of substantial damage to DS crops in 2013 from excessive rain.  
Aquaculture was also an important part of farming systems in Shaheberabad. Although the majority 
of the households did not culture fish for commercial purposes, almost every household had an 
aquaculture pond for raising fish for family consumption. In addition, some households cultured 
fresh-water shrimp and fish commercially, based on their traditional knowledge and experience.  
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According to key informants, farmers in Shaheberabad had very good access to extension services 
from the Department of Agricultural Extension (DAE), including training and access to up-to-date 
information regarding modern agricultural technologies. In almost every season the DAE set up field 
demonstrations for disseminating modern technologies. In addition, field-level DAE personnel were 
assigned to regularly visit farmers’ fields to look after the demonstration plots and provide advice on 
overcoming any of the production problems noted in the field crops. Casual staff of the DAE also 
carried out regular training in the areas of Integrated Pest Management (IPM), Integrated Crop 
Management (ICM), and Integrated Farm Management (IFM) in farmer field schools. Some NGOs 
such as World Vision, HEED Bangladesh, and Shushilan, also worked in Shaheberabad to assist in 
agricultural development. The NGOs provided training on modern crop production technologies with 
the technical assistance of DAE personnel.  
Farmers in the discussion group mentioned that government and non-government organizations 
(NGOs) had assisted people following the adverse effects of natural calamities. The local Union 
Council excavated a canal in 1993 to provide fresh water for DS cropping. The DAE had sometimes 
provided seed of different crops which were suitable to grow immediately after natural disasters, 
along with training and input support. NGOs provided credit for the repair of houses, and management 
of family and farm expenses. For instance BRAC provided BDT 10,000 in the form of credit without 
interest to small and marginal farmers after Aila in 2009. NGOs and the local government agencies 
created employment opportunities for the landless wage workers and farmers when repairing roads 
and embankments. The local government employed people for repairing the broken WAPDA 
embankment of the Bhadra River after Aila in 2009. Besides, Sushilun, a NGO, employed 25 female 
wage workers for a full year, working on the repair of village roads and embankments and the 
construction of an earthen embankment along the Chunkuri River during the dry season. World 
Vision also provided tuition fees for meritorious students after super cyclone Aila in 2009. World 
Vision also undertook the excavation of some trenches in the crop fields as well as the main village 
canal. In addition, some NGOs had provided clothes, utensils, and credit for the repair of houses and 
growing crops. 
Key informants also mentioned that farmers of Shaheberabad received credit from NGOs, money 
lenders, banks, and relatives. Some NGOs and government organizations, such as the Bangladesh 
Rural Development Board (BRDB), Ansar VDP Unnayan Bank, and other national banks, provided 
agricultural credit as well. 
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Farmers in the discussion group and most key informants identified a lack of fresh water for irrigation 
of DS crops and supplementary irrigation for EWS rice and for the WS rice nursery as a crucial 
problem. Surface water (water reserved in the Chunkuri River, canals, fish ponds, and trenches in the 
paddy fields) was the only source of fresh water for irrigation. However, the river and canals had 
become very shallow due to siltation and could not provide adequate irrigation water for DS rice 
(Boro rice) and DS vegetables and fruit (watermelon) for the entire village. Moreover, most of the 
plots did not have trenches and the few trenches that existed were very shallow. Nonetheless, most 
small and medium farmers did not have adequate money to hire labour to excavate new trenches or 
re-excavate old trenches and homeyard ponds. A village extension worker said some farmers had an 
aversion to making trenches in the fields, as they felt it was a waste of the potential use of the land. 
The majority of key informants and village extension personnel mentioned that the level of soil 
salinity of arable land in the village had increased after super cyclone Aila in 2009. The level of soil 
salinity increased after deep sea-water covered the agricultural land and was stagnant for a week 
because the massive tidal surge broke through the WAPDA embankment in the village. The 
productivity of the most important cash crop (watermelon) had also dropped markedly (the average 
weight of a standard-sized watermelon had decreased from 12-16 kg to 9-10 kg) owing to increased 
salinity after Aila. Nevertheless, the productivity of WS rice did not appear to have been affected by 
salinity due to adequate flows of fresh tidal water in the WS. 
Farmers in the discussion group maintained that summer temperatures had increased and believed 
this to have been associated with increased likelihood of excessive precipitation, hailstorms, cyclones, 
and storm surges during the dry season. In addition, the irrigation requirement for DS crops was 
believed to have increased due to an increased rate of evapotranspiration as a result of rising 
temperature. These observations were consistent with the long-term trends in rainfall, and maximum 
and minimum temperatures in Khulna (Figures 5.6 and 5.7). An Upazila agriculturalist said that rising 
temperatures or a higher rate of evapotranspiration had increased the rate of capillary movement of 
salinity in the fields, particularly after light precipitation and/or after inadequate irrigation of the 
crops. As a result, plants of one of the most widely adopted crops, watermelon, often showed signs 
of wilting in some fields. It was therefore believed that the yield of watermelon had declined due to 
a combination of increased salinity and higher temperatures.  
Farmers in the discussion group and most of the key informants also highlighted that the rainfall 
pattern had changed. Sometimes torrential rainfall occurred in the early wet season, but no rainfall in 
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the first month of the monsoon. That is, the monsoon began one month later than in the past, while 
the duration of the monsoon season had decreased, with no rainfall during the early autumn. 
Sometimes heavy rainfall was received during the maturity stage of the WS rice crop (Figures 5.6 
and 5.7). On the other hand, the water in the Bhadra River remained very saline until the 
commencement of the monsoon rains, while fresh water was no longer available in the reservoirs 
after April for irrigation of crops. Therefore, it was not possible to irrigate EWS rice, or even the WS 
rice nursery. The yield of EWS rice had declined due to the delay in sowing, because of inadequate 
soil moisture and sowing of WS rice was delayed due to a delay in the onset of the monsoon rains. 
The perceived change in the rainfall pattern was believed to have affected the productivity of the 
cropping system. The delay in planting WS rice had led to a delay in transplanting which, in turn, had 
delayed harvesting. Consequently, the planting of DS crops was delayed, with the net result of a 
decline in farm productivity.  
According to the informants, late WS rainfall in this region had moved from October/mid-November, 
to mid-November/mid-December, this observation being consistent with statistics of the Khulna 
Meteorological Office (Figures 5.7 and 5.8). Therefore, at the beginning of the normally dry winter 
season in December, soils in the village often contained excessive moisture. The clay-loam soils of 
the village lose their moisture slowly, hence it could take a long time for the soil to reach an 
appropriate moisture content for the planting of DS crops, particularly watermelon. Farmers 
inevitably planted their DS crops late and consequently harvested lower yields due to a lack of water 
for irrigation, and then finally received lower prices due to the delay in harvesting. In addition, the 
delay in planting raised the risk of crops being affected by natural calamities (excessive rainfall, 
cyclones, and droughts). 
As already noted, most of the key informants highlighted a lack of availability of good quality seed 
of watermelon at the optimum time for planting. There could also be problems accessing quality seed 
of rice and vegetables. Farmers stated that the price of seeds of DS crops (hybrid watermelon, tomato, 
eggplant, cabbage, and cauliflower) were not only very high but also continuing to increase. For 
instance, 150 gm of seed of Japanese hybrid watermelon seed that cost BDT 2,000-2,500 in 2010-11 
had increased to BDT 3,500-4,000 in 2012. 
 In addition, there was not only limited availability of fertilizers in the village during the time for DS 
cropping, but also a scarcity of quality fertilizers and pesticides, as village level traders tended to try 
and sell low-grade agricultural inputs in order to get higher profits. The key informants reported that 
the productivity of short-duration hybrid watermelon relied on the timely application of the required 
fertilizer. However, sometimes farmers were unable to apply the required amounts of fertilizers and 
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insecticides on time, as the village-level traders could not guarantee an adequate supply of fertilizers 
due to a lack of financial resources. In addition, one key informant reported that there was a lack of 
instruments like pheromone traps for the control of insect pest in vegetable crops. 
Respondents also said that the price of fertilizers was high at the village level. The price of TSP, DAP 
and MOP had shown an abnormal rise in 2008. The present government had reduced the price of 
those fertilizers in 2009 and 2010. However, the price per kilogram of urea fertilizer had risen to BDT 
20 in 2010 from BDT 12 in 2009 and BDT 6 in 2007. Farmers of the village had to purchase fertilizer 
at higher prices than those set by the government.  
According to the farmers in the discussion group, the price of agricultural produce was low and 
fluctuated from season to season. Sometimes the price of perishable agricultural commodities, such 
as vegetables and watermelon, decreased because of reduced demand at the farm gate, due mainly to 
a reduced number of local traders coming to the village. Despite the price of watermelon in wholesale 
markets being 30-50% higher than the farm-gate price, most farmers could not risk taking their 
produce to these markets due to the high marketing costs associated with the poor transportation 
systems. In addition, the price of rice had declined over the past couple of years. For example, five 
years ago the price per tonne of modern varieties of WS rice was BDT 20,000-23,000, while for local 
varieties it was BDT 30,000-33,000. In recent times, the price of modern variety rices had declined 
to BDT 16,600-18,300 and for local varieties to BDT 18,300-20,000. In addition, the price per tonne 
for pre-monsoon rice had decreased to BDT 7,500-10,000 from BDT 12,500-15,000. Hence profits 
from cropping were not only low but also very unstable because of the variability of yields and prices. 
At the same time, the cost of crop production had been increasing due to increased prices for 
agricultural inputs (seeds, fertilizers, insecticides, fuel, and labour). Farmers in the discussion group, 
as well as most of the key informants, suggested that the Chunkuri River, the village canal, and ditches 
in the fields needed to be excavated to ensure the adequacy of fresh water for irrigation in the dry 
season. In this respect, government, non-government and international organisations could play a 
crucial role in helping solve the irrigation problems, particularly by excavating the river and canal. It 
was also believed that the communication and marketing problems for farm produce could be 
eliminated by the construction of two bridges over the Bhadra River. In addition, farmers emphasised 
the need to ensure the availability of quality seed, fertilizers, insecticides and pesticides, as well as 
affordable credit.  
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Shaheberabad was in most respects a typical coastal village with relatively good access to markets 
(inputs and outputs) and services (agricultural extension, education, and health). Despite having a soil 
salinity problem in the dry season and inadequate fresh water for irrigation, the arable land of the 
village was intensively used for rice and non-rice crops throughout the year. At the time of the 
research, the dominant cropping systems involved WS rice followed by different DS crops, including 
watermelon, pumpkin, and a range of vegetables. Small areas were also used for cultivating EWS rice 
after harvesting the DS crops. The rate of adoption of Green Revolution technologies was high, 
including high-yielding varieties (HYV), agrochemicals, and farm machinery (tractors, diesel pumps, 
and power threshers).  
As a result, total crop production had increased and most farm households had become self-sufficient 
in rice and had improved their economic wellbeing. The increased cropping activity had also created 
more employment for landless households, notwithstanding the trend to mechanisation. In addition 
to cropping in the arable areas, homestead gardening, aquaculture, and livestock rearing were also 
important sub-sectors of the farming systems in the village. While WS rice was the main source of 
the household’s staple food, the DS crops, homeyard and dike crops, fish, and livestock were vital 
sources of nutritious foods and cash income to meet farm and family expenses.  
In addition to farming, off- and non-farm wage employment was important to the livelihoods of all 
landless households, most small-farm households, and some medium-farm households. Both men and 
women from these households undertook labouring work within the village, while men also moved 
temporarily to other districts for wage work. Some villagers were petty traders, seasonal agricultural 
contractors, and fishermen, and a few had salaried employment. 
The productivity of crops, particularly DS crops and EWS rice, was frequently affected by climatic 
stresses (erratic rainfall and drought) and soil salinity, due mainly to inadequate access to freshwater 
irrigation. Climate change, extreme weather events, and ongoing salinity intrusion were recognized 
as real threats to agriculture and livelihoods in the village. Moreover, the prices of farm produce were 
unstable and were perceived to be highly influenced by market intermediaries. In addition, lack of 
access to agricultural credit, good-quality seed, fertilizers and pesticides, as well as a poor 
transportation system, were identified as constraints to agricultural improvement.   
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ECONOMICS OF RICE-BASED FARMING SYSTEMS 
IN SHAHEBERABAD 
 
 
In Chapter 3 it was noted that coastal farming land in Bangladesh is mainly used for rice, which 
covers 95% of the net cropped area and which, in 2013-2014, accounted for 24% of national rice 
production (BBS 2014a; 2014b). Rice farming is also very important for family subsistence, as well 
as for off-farm employment in this region. As outlined in Chapter 5, farmers in Shaheberabad are 
engaged in different types of farming (crops, homestead gardening, dike cropping, aquaculture, and 
livestock) and off- and non-farm activities (wage labour, fishing, and petty trading) for family 
subsistence as well as to generate cash income. Farming systems in the village have evolved over 
time, consistent with and subject to the availability of scarce resources (land, labour, capital, and 
water for irrigation), technologies (crop cultivars and agricultural machinery), and off- and non-farm 
activities, and in response to shocks and trends in the biophysical and socioeconomic environments. 
The area planted to modern rice cultivars, both in the wet season (WS) and early wet season (EWS), 
had increased to 80-85% of arable land, enabling the village to become self-sufficient in rice.  
However, dry season (DS) rice had been completely replaced by a number of non-rice crops as these 
provided higher income and were more irrigation-efficient. The cultivation of EWS rice had 
decreased from 50% of the area to 7-10%, mainly in response to a decline in the price of rice. In 
addition, the area of the most widely adopted DS crop, watermelon, had very recently declined from 
70% of the arable land to 50-60%, mainly because of yield and market fluctuations.  
Economic viability and returns to scarce resources play vital roles in decision making to allocate farm 
resources among the available farming and non-farming activities. Hence in this chapter an 
assessment is made of the profitability and riskiness of the current farm enterprises in Shaheberabad 
as a guide to economically sustainable farming options for coastal farming communities. The chapter 
begins with a brief description of the methods used on the analysis, elaborating on the outline in 
Chapter 4. Representative enterprise and stochastic budgets are then presented for WS rice, EWS rice, 
and the two most dominant DS crops – watermelon and pumpkin. The economics of four major 
cropping patterns is then analysed. Finally, a whole-farm economic analysis of the three farm 
household types is undertaken. 
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Economic analysis of current rice-based farming systems was carried out, based on data provided by 
nine case-study households. In Chapter 5, the farming households were classified into large farm 
(LF), medium farm (MF) and small farm (SF) categories. This was based on net arable areas by using 
household census data. However, for constructing representative farm budgets, the mean size of farm 
was not used; rather, the size of the three farm types was determined based on discussions with key 
informants. LF were assumed to have an area of 2.63 ha, MF to have 1.42 ha, and SF to have 0.61 ha 
(these areas being converted from local units).  
The representative farm budgets were constructed for the most widely adopted farm enterprises for 
the three farm types. Although modern varieties (MVs) and local varieties (LVs) of rice were 
cultivated in the WS and EWS in Shaheberabad, budgets were constructed only for MVs for WS rice 
(T. Aman rice) and EWS rice (B. Aus rice), because the extent of adoption of MVs in the village 
exceeded 85%. In addition, budgets were also developed for watermelon and pumpkin, as these two 
crops occupied over 95% of the net cropped DS area. The detailed description of the approaches for 
estimating costs and benefits was presented in Chapter 4. The resulting budget estimates were 
presented to the farmer informants in the case-study villages and to an expert panel consisting of 
researchers and extension personnel working in the study area. After validation, some modifications 
were made to input use (labour, fertilizers, and pesticides) and harvested yields within the budgets, 
on the basis of the suggestions of the panel. 
 Stochastic budgets were constructed for the developed representative enterprise budgets via Monte 
Carlo simulation to evaluate the relative riskiness of each farm enterprise for the three farm types. In 
the study, a triangular distribution was applied because the variables were continuous in nature 
(Hardaker et al. 2004). Moreover, the highest number of iterations (10,000) was used for simulating 
each farm budget, as the stability of the distribution increases with a higher number of samples or 
iterations (Lien 2003). In this analysis, different levels of low, high, and most likely yield were used 
for the three farm types as there were contrasts in the harvested yields between them, even in the 
same year. However, the same low, high, and most likely prices were used for the three farm types.  
Risk analysis was carried out for the four major whole-year cropping patterns. The gross income (GI) 
and GI per work-day of family labour were computed for the four cropping patterns and incorporated 
in the output window of @RISK. The Excel worksheet was linked with the worksheets containing 
the stochastic budgets developed for the crop enterprises in each cropping pattern. 
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In the whole-farm economic analysis, the monetary values of typical total production of products and 
by-products of all farm enterprises (rice and non-rice crops, including homestead and dike crops, fish 
and livestock) were valued at typical seasonal prices. The commodities used for family subsistence 
(including as seed and feed for livestock (rice straw)) or sold for cash were accounted as gross farm 
returns. However, the estimation of annual gross return of minor vegetables, dike/homestead crops 
(vegetables and fruits), fish and livestock was not straightforward. This was partly because the 
vegetables, fish, and livestock products (chickens, ducks, eggs, and milk) and by-products (cow-dung, 
mainly used for fuel) were widely used for family consumption as well as being sold, but none of the 
farmers kept records relating to these. Also, cattle and goats were usually sold after 2-3 years and/or 
when money was needed for any capital investment. However, farm households provided 
approximate market values for all the commodities produced for a typical year, while the annual 
return from cattle and goats was the average value of cattle and goats sold during the last three years.  
The per hectare total paid-out cost (TPC) of the developed farm enterprise budgets of major farm 
enterprises were used  as the basis for estimating TPC per farm of three farm household types for the 
different  crops. The approximate TPCs for the minor vegetables, homestead/dike crops, pond fish 
aquaculture and raising livestock were estimated based on data provided by the case-study 
households. The gross farm income was calculated by subtracting the actual TPC from the gross 
benefits (GB) of the all commodities produced, including minor vegetables, homestead and dike 
crops, pond fish aquaculture and livestock. 
 
 
Wet-season rice (T. Aman rice) was most important crop for family subsistence, as well as providing 
some cash support for families. Representative enterprise budgets for modern rice cultivars using 
2012 prices were calculated for the typical areas of LF, MF, and SF, as well as on a per-hectare basis. 
The farm budgets were modified after validation based on the feedback of the key informants and the 
expert panel. Table 6.1 presents the detailed data on inputs used for WS rice, along with sources and 
methods of application. It is apparent that inputs used per farm were considerably higher for LF, 
followed by MF and SF, due to the variation in the net cultivated areas of WS rice among the different 
farm types.  
Per hectare work-days used for cultivation of WS rice did not show much variation. However, the 
participation of family and hired labour among the three farm categories did vary. LF typically 
depended on hired labour (83%) for carrying out cultural operations, while family labour carried out 
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most activities (75%) in SF, with the exception of some of the highly labour-intensive operations like 
planting and harvesting. On the other hand, the participation of family and hired female labour in the 
cultural practice of WS rice was quite low (10-18%) for the three farm types, with no participation of 
female family members in LF (Table 6.1).    
Most farmers planted purchased rice seed in a nursery during the optimum planting time (15 June to 
7 August) for late-cultivars (BRKB 2013a), but none of the farmers treated their seed for seed-borne 
diseases before sowing. The seeding rate used was nearly three times higher than the recommended 
rate of 22-30 kg/ha (BRKB 2013c), mainly to reduce the risk of having inadequate seedings, as the 
viability of the purchased seed could vary significantly from year to year. In addition, a high seedling 
number per hill was transplanted to compensate for seedling loss with late transplanting. Generally, 
30-40 day-old seedlings were used when transplanting WS rice during the first to third weeks of 
August.  
None of the farmers applied basal fertilizers (TSP, MOP and Gypsum) before transplanting WS rice, 
due to presence in the fields of residual fertilizer from the previous DS crops. According to the BRRI 
rice production manual (BRRI 2013), WS rice needs top-dressing with urea three times. However, 
large operators top-dressed with urea two times, while medium and small operators top-dressed once. 
The application rate of urea was about 64% of the recommended rate for LF, but decreased to 43% 
for MF and 32% for SF (BRRI 2013). In addition, LF crops were top-dressed with MOP at panicle 
emergence, as recommended. The rate of fertilizer application to LF was nearly double the rate for 
MF, and triple the rate for SF, but generally consistent with the rate applied by farmers for MV paddy 
rice under gher farming in Khulna (Barmon et al. 2006). The key informants indicated that less 
fertilizer was required for WS rice due to the accumulation of alluvium on rice fields from tidal fresh 
water. Pesticides like Cartap and Propiconazole were applied in three doses to LF, while two 
applications were usually made to MF and SF, mainly for the control of green leafhopper (GLH), 
stem-borer, and rice bug. 
Table 6.2 summarises the costs, production, yield and benefits of WS rice. Per farm total paid-out 
cost (TPC), total imputed cost (TIC), and total cost (TC) for WS rice varied widely, due mainly to 
the difference in farm size among the three categories. Despite significant variation in the use of 
family supplied and purchases inputs for WS rice, per hectare TC, TPC, TIC were generally consistent 
among the three categories. The TPC of WS rice for the different farm categories ranged from 60 to 
66% of TC.   
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Table 6.1: Per farm and per hectare inputs for WS rice in Shaheberabad 
Factor and labour inputs LF (2.63 ha) MF (1.42 ha) SF (0.61 ha) 
Per farm: Amount/farm Amount/farm Amount/farm 
  Tillage (no.) 3 3 3 
  Seed (kg) 197 80 34 
  Human labour (work-days):  303 (100) 162 (100) 65 (100) 
    Family: 53 (17) 64 (40) 49 (75) 
          Male 53 (17) 64 (40) 37 (57) 
          Female - - 12 (18) 
    Hired: 250 (83) 98 (60) 16 (25) 
           Male 211 (70) 82 (51) 16 (25) 
           Female 39 (13) 16 (9) - 
   Land preparation: Family 8 4 4 
                             : Hired 8 4 0 
   Uprooting and transplanting: Family 0 10 9 
                                             : Hired 79 31 9 
   Weeding: Family  16 10 13 
                 : Hired 55 22 0 
   Application of fertilizer & insecticide: Family 11 9 2 
                                                                : Hired 11 0 0 
    Harvesting and movement of  rice: Family 0 21 13 
                                                       : Hired  79 31 7 
    Threshing and storing: Family  18 10 8 
                                     : Hired 18 10 0 
    Fertilizers (kg):  391 107 34 
    TD: 1st (20-25 DAT) Urea 197 107 34 
           2nd (50-55DAT) Urea 97 0 0 
                                     MOP 97 0 0 
    Pesticides (BDT) 1.38 0.53 0.23 
                : 1st TD 0.59 0.21 0.09 
                : 2nd TD 0.79 0.32 0.14 
Per hectare: Amount/ha Amount/ha Amount/ha 
    Total  labour (work-days): 115 114 109 
                                            Family 20 45 83 
                                            Hired 95 69 26 
    Seed (kg) 75 56 56 
    Fertilizers (kg): Urea 112 75 56 
                              MOP 37 0 0 
    Pesticides (kg) 0.524 0.375 0.375 
Source: Case study, 2013; Note: Figures in parentheses are percentages of total. TD = top dressing 
and DAT= days-after-transplanting, LF = Large farm, MF = Medium farm and SF = Small farm 
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Table 6.2: Per-hectare and per-farm costs (BDT), production (ton) and benefits (BDT) of WS rice in 
Shaheberabad 
Costs, yields and returns LF (2.63 ha) MF (1.42 ha) SF (0.61 ha) 
Per farm: Amount/farm Amount/farm Amount/farm 
    Total paid-out cost (TPC): 88,896 47,256 16,846 
              Tillage  8,524 8,503 3,653 
              Seed  5,918 2,386 1,025 
              Seedling raising  3,937 3,188 502 
              Hired labour  54,911 20,498 3,702 
              Fertilizers  7,432 2,140 680 
              Pesticides  1,656 636 276 
              Power thresher  6,518 3,515 1,518 
             *Land leased  - 6,390 5,490 
    Total imputed cost (TIC): 52,172 28,875 14,012 
              Family labour  11,500 13,288 10,110 
              Own land  39,450 14,910 3,660 
              Interest on operating capital 1,222 677 242 
   Total cost (TC) 141,068 76,131 30,858 
   Rice production(ton): Grain  10.3 5.1 2 
                                      Straw 8.7 4.4 1.7 
   Value of grain  180,250 89,250 35,000 
   Value of straw  13,050 6,600 2,550 
   Gross benefit (GB) 193,300 95,850 37,550 
   Gross income (GI) 104,405 48,594 20,704 
   Net income (NI) 52,233 19,719 6,692 
Per hectare: Amount/ha Amount/ha Amount/ha 
           TPC 33,795 33,247 27,852 
           TIC 19,857 20,306 24,064 
            TC 53,652 53,553 51,916 
           GB 73,200 67,650 61,950 
            GI  39,405 34,403 34,098 
            NI  19,548 14,097 10,034 
   GI per work-day of family labour  1,970 765 411 
Paddy rice yield (ton): Worst season 2.5 2.3 2.2 
                                    Typical season 3.9 3.6 3.3 
                                          Best season  4.6 4.2 3.9 
Source: Case study, 2013; LF = Large farm, MF = Medium farm, and SF = small farm. MF and SF 
rent about 40% and 70% of their arable land, respectively  
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Figure 6.1 shows that the paid-out cost for hired labour represented a large proportion (27-39%) of 
TC for LF and MF, but decreased to 12% of TC for SF, while the imputed cost for family labour 
accounted for 34% of TC of SF, but decreased to 8-17% of TC for MF and LF. The costs of tillage 
and land leases were important paid-out costs for SF and MF, accounting for between 19 and 29% of 
TC. Conversely, there was no land lease cost for LF, while the cost of tillage was quite low because 
of the ownership of a tractor. On the other hand, the imputed cost of land owned, along with IOC, 
represented about 29% of TC for LF but decreased to only 12% for TC of SF.  
 
Figure 6.1: Importance of factor inputs in total per hectare costs of wet-season rice in Shaheberabad 
 
The yield of paddy rice for LF (3.9 t/ha) and MF (3.6 t/ha) was higher than for SF (3.3 t/ha) (Table 
6.2). The higher yields may have reflected that LF and MF applied more fertilizer, and the residual 
effects of fertilizer applied to dry season crops, in these two farm categories. The reported yield of 
MVs (3.3-3.9 t/ha) was higher than the corresponding five-year average for 2009/10-2013/14 for 
Bangladesh (2.6 t/ha) (BBS 2014b). However; the yield was much lower than that reported for on-
farm trials of the BR23 variety (4.5-4.71 t/ha) in Dacope Upazila (Mondal et al. 2012; Sattar and 
Abedin 2012). The pattern of yields (SF achieving a lower yield than MF and LF) was consistent with 
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previous reports (Kundu and Kato 2001; Mohiuddin et al. 2008; Kazal et al. 2013). It was observed 
that paddy rice was the major contributor (nearly 90%) of the GB of the WS rice crop.  
The data in Table 6.2 reveal that there was little variation in the per hectare GI of WS rice among the 
three farm types. However, the NI for the LF farm category was about 1.4-2 times higher than that of 
other operators, which clearly reflected the differences in yield (LF having a higher grain yield than 
the other categories). A similar pattern in the profitability of WS rice among the three farm types was 
reported by Akanda et al. (2008). Table 6.2 shows that GI/day of family labour of LF was over 2.5 
times higher than that of MF, and about four times that of SF. The GI/day of SF largely reflected the 
higher off-farm daily wage rate (BDT 200-250/work-day), which was even consistent with the wage 
rate for labour (BDT 350-400/work-day) in the urban centres of the country. The results show that, 
although there were no large variations in the GI/ha among the three farm categories, LF had a 
substantially higher GI/day, reflecting a difference in the use of family and hired labour (LF was more 
reliant than SF on hired labour).  
 
Despite the effect of price volatility on the profitability of WS rice, farmer perceptions focused on 
seasonal variability of yield (see last three rows of Table 6.2). This was taken into account in assessing 
the impacts of seasonality on economic viability of WS rice at current prices, because key informants 
reported that variability in the yield of paddy rice in the village had no influence on the market price. 
A perusal of Figure 6.2 shows that WS rice farming was economically much more viable in good 
seasons. Nevertheless, farmers could incur losses in bad seasons, despite applying inputs at the same 
rates, the losses being mainly due to abiotic stress, i.e., seasonal weather variation (erratic rainfall 
pattern, drought, and excessive torrential rainfall) and inadequate access to tidal fresh water. 
The enterprise budget presented the in Table 6.2 showed that WS rice was economically viable at 
current prices and typical yields. However, Figure 6.2 indicates that the economic viability of WS 
rice was volatile because of abiotic (weather) stresses. Stochastic budgets were constructed to 
evaluate the level of risk associated with WS rice for the three farm types, based on farmer’s 
perceptions of yield variability (worst, typical and best, Table 6.2) and also prices (low, typical, and 
high) (Table 6.8). The procedures for risk analysis were presented in Chapter 4 and Section 6.2 
above. 
Figure 6.3 presents cumulative probability distribution curves or cumulative distribution functions 
(CDF) for GI per ha of WS rice. The lower benchmark (BDT 24,000) was based on the imputed costs 
for small farms (SF), while the upper benchmark (BDT 35,000) was selected arbitrarily. The CDF 
109 
 
shows that SF had about 86% chance of GI per ha above the lower benchmark, meaning it could 
cover the cost of family-owned resources, including labour. The chance of receiving GI per ha above 
this threshold increased to 91% for MF and 97% for LF.  
 
Figure 6.2: Seasonal variation in net-income per hectare for wet-season rice in Shaheberabad 
Figure 6.4 presents the CDFs for GI per work-day of family labour. The lower benchmark (BDT 250) 
was the daily off-farm wage rate in the village during the wet-season, while the upper benchmark 
(BDT 700) was double the average non-farm wage rate (BDT 350) in urban centres. The CDFs 
indicate that the SF and MF farm categories had a 95-100% chance of exceeding the lower 
benchmark, while the LF category had a 100% likelihood of exceeding the upper benchmark. The 
simulated mean GI/day for the SF was similar to the daily wage rate for labouring work in urban 
centres. The result indicates that WS rice represented a better livelihood option, even for SF 
households, than labouring work.  
Figure 6.5 shows that, with other variables remaining constant, it was the fluctuation in rice yield that 
mostly contributed to the variability of the GI/ha, accounting for 79-83% of total variation in GI. The 
fluctuation in the price of paddy was less significant. The variability in the GI/ha was higher for LF 
and MF than for SF. The risk analysis confirmed the informants’ observations that the crop was 
economically viable at current prices and typical seasonal yields, but yield variation can affect the 
profitability of the crop. Thus climatic stress already has a large effect on the viability of rain-fed WS 
rice in the coastal zone.  
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Figure 6.3: Probability distribution of gross income per ha for WS rice in Shaheberabad 
 
 
Figure 6.4: Probability distribution of GI per work-day of family labour for WS rice in Shaheberabad 
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Figure 6.5: Inputs ranked by effects on GI for WS rice in Shaheberabad 
 
 
 
As noted above, the area under EWS (Aus) rice had decreased from nearly 50% of total arable area 
to just 7% over the last 3-5 years due primarily to a decline in price from BDT 18/kg to BDT 13.5/kg.   
Farmers grew EWS rice mainly to reduce the risk of a rice deficit for family subsistence. For 
constructing representative enterprise budgets, the typical areas of EWS rice for the three farm types 
were estimated based on discussions with key informants. These were 0.6 ha for LF, 0.4 ha for MF, 
and 0.2 ha for SF.  
The representative enterprise budgets were for broadcast MVs of EWS rice using 2012 prices for the 
three farm categories. Previously, EWS rice was established by both transplanting and broadcasting.  
However, at the time of research, only the broadcasting method was used. This change was due 
mainly to changes in the rainfall pattern, as well as a lack of fresh water for irrigating the nursery or 
providing supplementary irrigation to the main fields. Short-duration, photoperiod-insensitive 
cultivars (BR24, BR27, BRRI dhan42 and BRRI dhan43) have been adopted for EWS rice.  
Table 6.3 presents the detailed data on inputs used for EWS rice. The home-supplied rice seed was 
broadcast directly into the main field after harvesting DS crops, the broadcasting of seed sometimes 
taking place more than one month after the optimum seeding time, subject to adequate soil moisture. 
The broadcast seeding rate used was 20-25% lower than the recommended rate, but 20-25% higher 
than for the line sowing method (BRKB 2013b).  
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Table 6.3: Per farm and per hectare physical inputs in early wet season (EWS) rice in Shaheberabad 
Factors and labour inputs LF (0.61 ha) MF (0.4 ha) SF (0.2 ha) 
Per farm: Amount/farm Amount/farm Amount/farm 
  Home supplied seed (kg) 32 23 12 
  Tillage (no)  3 3 3 
  Total human labour (work-days):  59 (100) 39 (100) 19 (100) 
             Family: 17 (29) 23 (59) 15 (79) 
                      Male 17 (29) 20 (51) 10 (53) 
                      Female - 3 (8) 5 (26) 
           Hired:  42 (71) 16 (41) 4 (21) 
                      Male 37 (63) 13 (33) 4 (21) 
                      Female 5 (8) 3 (8) - 
 Land preparation: Family  2 3 1 
                          : Hired  3 0 0 
 First weeding: Family  5 7 4 
                     : Hired  10 5 0 
 2nd weeding: Family   4 4 4 
                    : Hired  7 2 0 
 Application of  fertilizer & insecticide: Family  5 3 1 
                                                            : Hired  0 0 0 
  Harvesting and carrying rice: Family  0 5 3 
                                            : Hired  21 8 2 
  Threshing and storing rice grain: Family  1 1 2 
                                                 : Hired  1 1 2 
  Fertilizers (kg): 66 68 11 
                    TD: Urea  57 53 11 
                          MOP 9 15 0 
    Pesticides (kg):  3.12 2.08 1.04 
Per hectare: Amount/ha Amount/ha Amount/ha 
    Total human labour (work-days): 97 96 94 
                                            Family 27 51 75 
                                            Hired 65 37 11 
    Seed (kg) 52 56 60 
    Fertilizers (kg): 109 168 56 
      TD: 1st Urea (30-35 DAS) 38 56 0 
             2nd Urea (55-60 DAS) 56 75 56 
                     MOP 15 37 0 
    Pesticides (kg) 5.2 5.2 3.2 
Source: Case study, 2013; Note: Figures relating to human labour are percentages of total labour, TD 
= Top dressing, DAS = Days-after-seeding, LF = Large farm, MF = Medium farm and SF = Small 
farm  
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The per hectare work-days used for cultural operations were consistent among the three farm types. 
However, the participation of family labour was 79% of total required labour for SF, 59% for MF, 
and 29% for LF. In addition, the  participation of family-supplied female labour for the cultural 
operations accounted for 26% of the total required labour input for SF, as it was mainly female labour 
that was used for weeding, which was one of the main labour-intensive activities. Conversely, family 
supplied female labour did not have a role in LF. The labour-use pattern indicates that EWS rice 
farming was not highly labour-intensive, since no labour was required for transplanting and relatively 
little labour was needed for manual weeding because of less weed infestation. The key informants 
reported that weed infestation had declined considerably after super-cyclone Aila in 2009, as well as 
after the introduction of four-wheel tractors for land preparation. Informants suggested that the 
inundation by sea water during the cyclone may have damaged the seeds and roots of weeds, while 
the deep tillage from the use of tractors three times a year had also probably affected the infestation 
of weeds (Table 6.3).  
Table 6.3 shows that basal fertilizer (TSP, MOP, and gypsum) was not applied in EWS rice, possibly 
due to residual fertilizer from the previous DS crops. The finding is consistent with earlier reports 
(Barmon et al. 2006). However, according to (BRKB 2013b) broadcast EWS rice needs basal 
fertilizer, as well as top-dressing with urea one time at 30-40 days after seeding. While LF and MF 
farms were top-dressed with urea twice, EWS rice grown in SF only received a single top dressing of 
urea. MF applied slightly more urea than the recommended rate, whereas LF and SF applied about 
two-thirds and one-third of the recommended rate, respectively (BRKB 2013b). No herbicides were 
used as weed infestation was low. Table 6.4 shows that per hectare TC of EWS rice of MF was higher 
(BDT 4097-5647/ha) than for SF and LF. Nevertheless, there were large contrasts in the TPC and 
TIC among the three farm sizes, due to a large variation in the pattern of utilization of family-supplied 
and purchased inputs, as shown in Table 6.3.  
Figure 6.6 shows that the paid-out cost of hired labour represented about half of the TC of LF, but 
only 11% of the TC of SF. Conversely, the imputed cost of family labour was about 52% of TC for 
SF and 18% of TC for LF. This difference was a reflection of differences in the use of family and 
hired labour between SF and LF, as presented in Table 6.3. Despite the same number of passes for 
tillage, the TPC of the operation represented 18-20% of TC for SF and MF, as both farm categories 
hired tractor operators, while the contribution of tillage to the TC of LF represented only 9%, as the 
LF used their own tractors (the only costs were for fuel and tractor drivers). 
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Table 6.4: Per farm and per hectare costs (BDT), total production, yield) and benefit (BDT) from 
early wet season (EWS) rice in Shaheberabad 
Costs, yields and returns LF (0.61 ha) MF (0.4 ha) SF (0.2 ha) 
Per farm: Amount/farm Amount/farm Amount/farm 
  Total paid out cost (TPC): 14,180 8,472 2,876 
                           Tillage 1,604 2,424 1,212 
                           Hired labour  9,630 3,600 930 
                           Fertilizers and pesticides 1,926 1,728 434 
                           Powered thresher  1,020 720 300 
  Total imputed cost (TIC): 4,387 5,434 3,293 
                           Family labour  3,465 4,805 2,995 
                           Own seed  640 460 240 
                           Interest on operating capital 282 169 58 
  Total cost (TC) 18,567 13,906 6,169 
   Rice production (ton): Grain  1.7 1.2 0.52 
                                     Straw 1.2 0.8 0.4 
             Value of grain  22,100 15,600 6760 
             Value of straw  1,200 800 400 
             Gross benefit (GB) 23,300 16,400 7160 
             Gross income (GI) 9,120 7,928 4284 
             Net income (NI) 4,733 2,494 991 
             GI per work day of family labour  547 392 303 
Per hectare: Amount/ha Amount/ha Amount/ha 
                    TC 30,577 34,674 29,027 
                    TPC 23,524 21,121 12,884 
                    TIC 6,840 12,637 17,068 
                    GB 38,300 41,100 35,600 
                    GI  14,776 19,979 22,716 
                    NI  7,936 7,342 5,648 
 Paddy rice yield (ton): Bad season 2.0 1.9 1.8 
                                      Typical season 2.8 3.0 2.6 
                                      Best season 3.7 4.0 3.4 
Source: Case study, 2013; Note: LF = Large farm, MF = Medium farm and SF = Small farm 
There was no large difference in the per hectare yield of EWS rice between LF and MF, but MF had 
a higher yield than SF (Table 6.4). The difference between MF and SF may have reflected a higher 
application of fertilizer in MF (Table 6.3). The reported per hectare yield of modern varieties of EWS 
rice (2.6-3.0 t/ha) was consistent with the five-year national average for 2009/10-2013/14 of 2.6 t/ha 
(BBS 2014b). However; it was much lower than that achieved in on-farm yield trials for MVs in the 
region (4.5-5.5 t/ha) (BRRI 2010). 
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Figure 6.6: Relative importance of factor inputs in the per hectare total cost for early wet season 
(EWS) rice  
A perusal of Table 6.4 reveals that MF had the highest GB per hectare (BDT 41,100/ha), which 
reflected a higher yield than for LF and SF. Despite the lowest yield, SF gave a higher GI per hectare 
(BDT 22,716/ha) than the other farm categories, reflecting a markedly lower TPC relative to LF and 
MF. LF gave a higher NI per hectare than MF and SF, despite a lower yield than MF, as the TC/ha 
of LF was lower than for MF. The GI/day was in declining order for LF, MF, and SF, reflecting 
differences in the labour-use pattern (i.e., the participation of family labour decreased with increasing 
farm size) (Table 6.3). The GI/day of LF and MF was even higher than the daily wage rate in urban 
centres, but for SF it was about the same as the prevailing local off-farm wage during the EWS (BDT 
200-250/work-day). Although the price of EWS paddy rice was reported to be low by the key 
informants, the enterprise was found to be economical (positive NI) at typical yields. This partly 
reflected a combination of a the lower fertilizer application in the village due to a combination of 
residual fertilizer from previous DS crops, and reduced labour inputs for seeding and weed control. 
Thus, under typical conditions, the activity was a reasonably efficient way to supplement subsistence 
rice supplies for those households that needed to do so. 
 
Although both yield and price were uncertain, farmers perceived that seasonal variability of yield was 
the main risk. Figure 6.7 assesses the impact of seasonality on economic viability of EWS rice at 
50
26
11
18
33
52
11
18
20
11 13
6
6 6 6
3 4
1 1 1
0%
25%
50%
75%
100%
Large farm Medium farm Small farm
P
er
ce
n
ta
g
e 
o
f 
to
ta
l 
co
st
Farm household types
Interest on operating capital
Seed
Threshing
Fertilizers and pesticides
Tillage
Family labour
Hired labour
116 
 
current or typical prices. EWS rice was much more profitable in the farmers’ perceived best season 
than in a typical season, but farmers incurred a negative NI in the worst seasons, due mainly to abiotic 
stresses (erratic rainfall and/or drought in the EWS).  
 
Figure 6.7: Seasonal variation of NI per hectare of EWS rice in Shaheberabad 
 
A stochastic budget for rainfed EWS rice was constructed for the three farm types, based on farmers’ 
perceived variability in yield (Table 6.4) and price (Table 6.8). Figure 6.8 presents the CDFs for GI 
per ha. The lower benchmark (BDT 7,000) was the imputed cost per hectare of family supplied inputs 
of LF, while the upper benchmark (BDT 17,000) was the imputed cost per hectare of SF. The CDFs 
shows that SF and MF had 60-80% chance of exceeding the upper benchmark, decreasing to 30% for 
LF. This indicates that despite a higher yield, LF has a higher risk of obtaining low GI/ha than SF due 
mainly to a marked variation in the use of family supplied and purchased inputs (LF being highly 
dependent on hired labour). Conversely, the CDFs show that LF has a more than 90% likelihood of 
achieving GI/ha above TIC/ha, but that this decreased to 80% for SF and MF (Figure 6.8). The 
analysis also indicated that SF and MF had a higher probability (17-18%) of receiving a negative NI, 
but that this decreased to about 8% for LF. The risk analysis confirmed the results of the representative 
budget that EWS rice cropping was economically viable at current prices and for a typical yield, but 
there was a risk of not covering the cost of family resources for all three farm types.  
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Figure 6.8: Probability distribution of gross income per ha for EWS rice   
Figure 6.9 presents the CDFs of GI per work-day of family labour. The lower benchmark (BDT 250) 
was the local off-farm wage in the EWS, while the upper benchmark (BDT 420) was the upper limit 
of daily wage rate (BDT 350-400 work/day) of labouring work in the urban centres. The CDFs show 
that SF and MF had about 20-25% chance of earning a GI/day even lower than the wage local off-
farm work. The inference was consistent with the claims of informants that farming EWS rice was 
not currently an attractive option, due mainly to the decline in the price.   
Figure 6.10 illustrates the ranking of inputs by their effects on GI from EWS rice. The fluctuations in 
yield had the greatest effect on the variability in GI/ha (60-64%), with the variability in price having 
a secondary (but important) effect. The findings confirmed the perceptions of key informants that 
both the market and weather affected the profitability of EWS rice in the coastal zone, making it a 
marginal, subsistence-oriented activity.   
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Figure 6.9: Probability distribution of GI per workday of family labour for EWS rice in Shaheberabad  
 
 
Figure 6.10: Inputs ranked by their effects on GI per hectare of EWS rice in Shaheberabad 
 
A number of crops, including watermelon, pumpkin, Indian spinach, bitter gourd, ridge gourd, okra, 
cucumber, long bean, sweet potato, chillies and muskmelon, were grown in the dry season in 
Shaheberabad. However, enterprise budgets were constructed only for watermelon and pumpkin, as 
these two crops accounted for about 95% of the net cropped area in the dry season. Typical sizes of 
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LF, MF and SF were re-determined based on a consideration of the areas used for watermelon and 
pumpkin by the three farm types, based on discussions with key informants.    
 
Watermelon was the most important cash crop, being cultivated mainly for commercial purposes. For 
developing a representative enterprise budget, the typical size of LF was 1.4 ha, while for MF it was 
1.0 ha and for SF, 0.33 ha. The representative enterprise budgets were for hybrid watermelon using 
prices for 2012 for the three farm types. The farm budget was modified after validation, based on 
feedback from key informants and the expert panel.   
Table 6.5 summarises data relating to non-material inputs, particularly human labour, used for 
cultural operations in watermelon production. The labour-use pattern reflected the fact that 
watermelon production was a highly labour-intensive enterprise, for which both male and female 
labourers were employed. Although family labour participated in the activities, hired labour was used 
for most of the operations, except mulching, while for SF there was no need to hire labour for land 
preparation. The number of work-days per farm used for watermelon did not show great variability 
in relation to farm size, however, the  participation of hired labour decreased from LF to SF (from 
63% to 23%, respectively), while the use of female family labour increased from LF to SF (from 9% 
to 39% of total labour). In fact, there was nearly an equal contribution of family female and male 
labour in SF for the watermelon crop. The participation of female labour, which ranged from 55% to 
58% of total labour in the three farm categories, was an outstanding feature of the labour use pattern 
of watermelon farming. This reflects the fact that the cultural operations in the dry season were not 
arduous, and the daily wage rate for hired female labour was low. There was consistency in the per 
hectare labour requirement among the three farm types, but large and medium operators used more 
labour for fertilizer and pesticide application, while small operators required more labour for manual 
irrigation (watering each watermelon plant using seed containers or  pitchers, after collecting the 
water from ponds or/and crop field troughs).   
Table 6.6 presents data on material inputs used. Despite mid-January still being a suitable time for 
planting, most planting was completed by mid-December to capitalise on the higher prices for early 
harvested fruit. However, despite a recommendation to treat watermelon seed with Vitavax 
(Carboxin+Thiram) to control seed-borne diseases, sprouted watermelon seed was directly planted 
without treatment during the second to third weeks of February. The spacing was about 9 cm x 46 
cm. The seeding rate (0.8 -1 kg/ha) was half the recommended rate for direct seeding (1.5-2 kg/ha) 
(Rashid and Singh 2000). 
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Table 6.5: Per farm and per hectare non-material inputs used for dry season crops of watermelon and pumpkin in Shaheberabad 
Item Watermelon Pumpkin 
LF (1.4 ha) MF ( 1 ha) SF (0.33 ha) LF (0.27 ha) MF (0.2 ha) SF (0.13 ha) 
Per farm:  Ploughing (no.) 3 3 3 3 3 3 
                 Total human labour (work-days):  235 (100) 164 (100) 56 (100) 32.5 (100) 26.5 (100) 16 (100) 
                                           Family:  87 (37) 85 (52) 43 (77) 13 (40) 15 (57) 13 (81) 
                                                    Male 65 (28) 51 (31) 21 (38) 8.5 (26) 8 (30) 6 (37) 
                                                    Female 22 (9) 34 (21) 22 (39) 4.5 (14) 7 (27) 7 (44) 
                                           Hired: 148 (63) 79 (48) 13 (23) 19.5 (60) 11.5 (43) 3 (19) 
                                                   Male 39 (17) 18 (11) 4 (7) 3.5 (11) 3.5 (13) - 
                                                   Female 109 (46) 61 (37) 9 (16) 16 (49) 8 (30) 3 (19) 
Rice stubbles retention and land preparation : Family 10 9 8 1 1 2 
                                                                  :Hired 21 15 - 3 2 - 
      Seed bed preparation and planting seed: Family 11 16 8 1 3 2 
                                                                : Hired 42 22 5 4.5 2.5 1 
      Applying manure  and LLP irrigation: Family  21 24 12 2 3.5 2.5 
                                                             : Hired 42 20 5 4 2 1 
      Applying  fertilizer and insecticides: Family  30 28 11 3 3 2.5 
                                                           : Hired 43 22 3 4 2 1 
     Mulching and pruning: Family  15 8 4 1 2 1 
                                     : Hired - - - - - - 
     Harvesting and carrying: Family - - - 5 2.5 3 
                                        : Hired - - - 4 3 - 
Per hectare: Total human labour:  169 164 171 121 130 122 
                                                 Family 63 85 132 50 73 101 
                                                 Hired 106 79 39 71 57 21 
Source: Case study, 2013: Figures under human labour indicate percentages of total labour. LF = Large farm, MF = Medium farm, and MF = Small farm 
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 Table 6.6: Per farm and per hectare material inputs used for dry season crops of watermelon and pumpkin in Shaheberabad 
Items 
Watermelon Pumpkin 
LF (1.4 ha) MF ( 1 ha) SF (0.33 ha) LF (0.27 ha) MF (0.2 ha) SF (0.13 ha) 
Per farm: Seed (kg) 1.05 0.75 0.24 0.80 0.61 0.33 
Fertilizers: 1344 802 174 150 94 40 
           Urea 691 (7) 422 (7) 93 (6) 67 (5) 49 (5) 17 (3) 
           TSP 210 150 37 50 30 15 
           DAP 184 (1) 82 (1) 12 (1) 15 (1) 7 (1) 3 (1) 
            MOP 79 30 6 4  - - 
           Gypsum 105 75 25 15 7 5 
           Magnesium sulphate 11 6 1 - - - 
           Zinc sulphate 11 - - - - - 
           Ocozom/Zincgold/Vegemax/Folera       1.0 0.4 - - - - 
           Oil cake 52 37 - - - - 
Pesticides (kg): 28.14 8.83 2.78 2.1 (2) 1.6 (2) 0.6 (2) 
             Insecticide 11.34 (3) 0.67 (3) 2.70 (3) - - - 
             Fungicide 16.80 (3) 8.16 (3) 0.08 (1) - - - 
 Power pump irrigation (hours) 83 (3) 55 (3) 11 (2) 8 (2) 6 (2) 2 (1) 
Per hectare: Seed (kg) 0.75 0.75 0.71 3 3 2.5 
    Fertilizers: 957 802 526 563 466 297 
            Urea 493  422  279  249 242 126 
           TSP 150 150 112 187 150 112 
           DAP 131 82 37 56 37 22 
            MOP 56 30 19 15 0 0 
           Gypsum 75 75 75 56 37 37 
           Magnesium sulphate/ Zinc sulphate 16 6 4 - - - 
           Ocozom/Zincgold/Vegemax/Folera       0.4 0.4 -  - - 
           Oil cake 37 37 - - - - 
      Pesticides (kg) 20.1 8.8 8.3 7.86 7.93 4.19 
Source: Case study, 2013; Figures under fertilizers and pesticides are number of top dressings, and figures under irrigation are number of irrigation. LF 
= Large farm, MF = Medium farm, and SF = Small farm 
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Table 6.6 shows the considerable contrast in the application rates of fertilizers and pesticides among 
the three farm categories, though rates were high for all farm types. However, fertilizer management 
did not follow the technical recommendations. First, although farmers top-dressed with urea by 
splitting the total application into 6-7 doses, consistent with the recommended practice, the rate of 
urea application was 1.5-2.5 times higher than recommended (200 kg/ha). Second, the applied rate of 
phosphorus (TSP/DAP) was 1-1.5 times higher than the recommended dose (175 kg/ha). Third, the 
application rates for other fertilizers such as MOP (250 kg/ha), gypsum (100 kg/ha) and zinc (12 
kg/ha) were significantly lower than the recommended rate. It was also recommended that organic 
fertilizers, particularly compost or farmyard manure (20 ton/ha), and micro-nutriments like borax (10 
kg/ha), be applied as basal fertilizers. In total, for SF the applied rate of fertilizer (659 kg/ha) was 
nearly 200 kg lower than the recommended rate, while the rates applied for LF (956 kg/ha) and MF 
(835 kg/ha) were between 55 and 200 kg/ha higher than the recommended rate of 747 kg/ha (Rashid 
and Singh 2000).   
The key informants noted that, despite having training on modern cultural practices, they usually did 
not completely follow the recommended practices but applied fertilizer and pesticides based on their 
own experience. This was partly due to their perception that the application of more urea and TSP 
fertilizers promoted the growth and productivity of watermelon. Some farmers, especially those in 
the SF group, were unable to apply the recommended rates of fertilizers and pesticides due to lack of 
working capital. However, the results of on-farm trials in the south-eastern coastal district of Noakhali 
demonstrated that the adoption of the recommended practices produced far better yields (a mean of 
37 t/ha and a range of 40-50 t/ha) (Islam 2006) than that  achieved by farmers in the case-study village. 
In addition to the application of fungicides (sulphur) to the soil before sowing, fungicides (sulphur, 
Dithane-M-45 and Mancozeb) were sprayed 2-4 times for the control of Fusarium Wilt and Powdery 
Mildew, while insecticides (Emamectin Benzoate, Cartap/Thiamethoxam and Sevin dust) were 
sprayed twice to control red pumpkin beetle and fruit fly (Table 6.6).  
Table 6.7 shows that the TC per ha of watermelon was higher (BDT 10,000-16,000) for LF and MF 
than for SF. The TPC for LF and MF was about 10% higher than for SF, while the TIC for SF was 
nearly 10% higher than for LF and MF. In particular, the per hectare paid-out cost of fertilizers, 
pesticides and seed was the major cost  for LF and MF, as they applied higher doses of fertilizers and 
pesticides and used better quality seed purchased at a higher price. In contrast, the cost of leasing 
land, irrigation and tillage, fertilizers and pesticides, were  major costs for SF as nearly 70% the land 
used by SF for producing watermelon was leased land, while they also hired tractors for land 
cultivation. In contrast, LF mainly used the land they owned, and also owned their own tractors for 
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land cultivation. The cost of fertilizers and pesticides were a major paid-out cost (20-32% of TC) of 
watermelon production for the three farm types. However, the representation of this item in the TC 
increased with increase in farm size. In contrast, the imputed cost of family supplied inputs, especially 
family labour, decreased with increase in farm size while the imputed cost of own land increased 
(Figure 6.11).   
Table 6.7 shows that the per hectare yield of watermelon for LF (33.4 t/ha) was higher than for MF 
(29.6 t/ha) and SF (23.3 t/ha), which may be related to variation in crop management indicators. LF 
usually planted a week earlier and used better quality seed, and more fertilizer, pesticides and 
irrigation, than the other farm types. For example, LF usually planted watermelon within the optimum 
planting time (before mid-February) because of the advantage that most of them had in owning 
tractors. Conversely, SF usually planted beyond the most suitable time for planting, for three reasons. 
First, most small farmers moved to other districts for off-farm employment in order to generate a cash 
income to assist in the payment for land leases, seed, fertilizer, pesticides, and tractors. Second, SF 
tended to wait for the seed price to fall, which usually occurred after the optimum seeding time. Third, 
farmers were unable to apply adequate irrigation, particularly in the advanced stages of watermelon 
plant growth, due mainly to inadequate irrigation water (most of the SF did not have trenches in their 
fields, while water reserves in rivers and canals were usually exhausted by then).  
The reported typical seasonal yield of hybrid watermelon (23.3-33.4 t/ha) of LF and MF in 2011-12 
was much lower than the mean yield of 38.6 t/ha reported for Khulna in the five year period 2009/10 
to 2012/13 (BBS 2014b). However, this yield was considerably lower than the lowest yield (40-50 
t/ha) in on-farm trials in coastal areas of Bangladesh (Islam 2006). This clearly indicates that there is 
still some room for increasing the yield of watermelon through better management.  
Table 6.7 clearly indicates that watermelon farming was relatively more profitable in LF followed by 
MF and SF, reflecting the yield dominance of LF over other operators. Per hectare GI and NI of 
watermelon for LF were 1.5 and 2.5 times higher, respectively, than for SF. Moreover, the GI/day of 
LF was nearly 3 times higher than that of SF, as the LF used less family labour and reaped a higher 
GI. But even the GI/day of SF was about 1.5 times higher than the daily off-farm wage (BDT 200/day) 
in the DS. It is apparent that watermelon farming was an economically viable farming option for 
households getting a typical seasonal yield and average price, but LF had a  clear advantage over 
small farms in terms of  NI/ha. 
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Table 6.7: Costs (BDT) of the two most widely adopted DS crops in Shaheberabad, watermelon and pumpkin  
Items Watermelon Pumpkin 
LF (1.4 ha) MF ( 1.0 ha) SF (0.33 ha) LF (0.27 ha) MF (0.2 ha) SF (0.13 ha) 
Per farm: Total paid-out costs (TPC) 95,320 61,875 16,286 9,182 7,185 3,676 
                        Ploughing  4,547 5,988 2,000 866 1,212 800 
                        Seed  18,900 12,000 2,880 800 488 264 
                        Hired labour  25,240 13,360 2,240 3,260 1,980 480 
                        Fertilizer  33,147 18,269 3,678 3,264 1,988 856 
                        Pesticide  9,336 5,008 1,382 592 535 276 
                        Irrigation  4,150 2,750 1,100 400 300 100 
                        Land rent - 4,500 3,006 - 682 900 
                Total imputed costs (TIC) : 38,993 27,068 9,968 5,558 4,416 2,975 
                        Family labour  16,520 15,640 7,720 2,420 2,720 2,320 
                        Own land  21,043 10,500 2,004 3,000 1,591 600 
                         Interest on operating capital 1,430 928 244 138 105 55 
                Total costs (TC): 134,313 88,943 26,254 14,740 11,601 6,651 
                         Production (tonne) 46.85 29.60 7.78 4.7 3.4 1.9 
                         Gross benefit (GB) 187,419 118,400 31,130 23,500 17,000 9,500 
                         Gross income (GI) 92,099 56,525 14,844 14,318 9,815 5,824 
                         Net income (NI) 53,106 29,457 4,876 8,760 5,399 2,849 
                         GI per day of family labour 1071 683 346 1069 646 430 
                 Per hectare: TPC 66,137 60,375 47,500 34,051 36,806 29,523 
                                      TIC  27,952 27,046 30,353 24,831 24,212 24,443 
                                      TC 94,089 87,421 77,853 58,882 61,018 53,966 
                                      Yield (tonne) 33.4 29.6 23.3 17.5 16.8 14.6 
                                      GB 133,600 118,400 93,200 87,500 84,000 73,000 
                                      GI  67,463 58,025 45,700 53,449 47,194 43,477 
                                      NI  39,511 30,979 15,347 28,618 22,982 19,034 
Source: Case study, 2013, LF = Large farm, MF = Medium farm, and SF = Small farm 
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Figure 6.11: Relative importance of factor inputs to TC per ha of watermelon production 
 
A sensitivity analysis of the NI from watermelon was calculated based on a worst seasonal yield and 
low price, best seasonal yield and high price, and typical seasonal yield and average price, because 
key informants reported a positive relationship between yield and price i.e., the price of watermelons 
rises they are larger (higher yield) and vice versa (Table 6.8). Figure 6.12 shows that the NI of 
watermelon was significantly higher with best seasonal yield and price, as the yield for the three farm 
types increased by 17-30% and the price by about 12% in the best season relative to an average 
season. Conversely, farmers incurred a negative NI in response to worst seasonal yield and price, as 
the yield of the three farm types decreased by 27-35%, while the price declined by about  25%, relative 
to an average year. It is clear that watermelon farming is a highly rewarding farm enterprise in the 
best or even average years, but the possibility of incurring losses is mainly related to more extreme 
seasonal conditions (variation in rainfall pattern, excessive precipitation, rising temperature, and 
salinity).   
A stochastic budget for watermelon was constructed based on farmers’ perceived variability in yield 
and price (Table 6.8). In this analysis, different levels of worst, typical, and best seasonal yield of 
watermelon were considered for the three farm types, as substantial differences prevailed, even in the 
same season, among the three categories of operators, but the same variability in price was taken into 
account for all farm types.  
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Table 6.8: Seasonal variability of yields and prices for watermelon and pumpkin in Shaheberabad 
Farm type Watermelon (tonne/ha) Pumpkin (tonne/ha) 
Worst Typical Best Worst Typical Best 
Large farm (LF) 21.8 33.4 42.1 14.3 17.5 22.5 
Medium farm (MF) 18.1 29.6 38.5 13.6 16.8 21.7 
Small farm (SF) 17.1 23.3 30.4 11.7 14.6 18.5 
 Watermelon (BDT/kg) Pumpkin (BDT/kg) 
 Low Average High Low Average High 
All farm types 3 4 4.5 4 5 5.5 
Source: Case study, 2013 
 
Figure 6.12: Seasonal variations in net income of watermelon cultivation at Shaheberabad  
 
Figure 6.13 presents the CDFs for GI/ha for watermelon. The lower benchmark (BDT 30,000) was 
the TIC/ha of SF, while the upper benchmark (BDT 60,000) was selected randomly. The results show 
that there is a greater chance of receiving a low GI/ha for SF and MF than for LF. The CDFs indicate 
that SFs had a 16% chance of earning a GI/ha lower than TIC/ha, the margin decreasing to 12% for 
MFs and 5% for LFs. The SF and MF had a 12-16% likelihood of incurring a negative NI/ha, 
decreasing to 5% for LF. The findings on risk analysis confirmed that watermelon farming is a highly 
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rewarding farm enterprise but that the risks associated with the enterprise are considerable, especially 
for SF and MF. This is consistent with the perceptions of key informants.    
 
Figure 6.13: Probability distribution of gross income per ha of watermelon crops in Shaheberabad  
 
Figure 6.14 presents the CDFs of GI/day. The lower benchmark (BDT 200) was the local off-farm 
wage in the DS, while the upper benchmark (BDT 400) was the upper limit of daily non-farm wages 
in the cities (BDT 350-400 work/day). The CDFs show that the MF and LF had 80-90% likelihood 
of acquiring a GI/day higher than daily wage rate in the cities. However, this margin decreased to 
only 22% for SF. The CDFs also show that SF had nearly 10% chance of having a GI/day below the 
local off-farm wage; this margin dropped to 3.5% for MF, and nearly zero for LF. The results of the 
risk analysis confirmed that watermelon farming was a better livelihood option than labouring work, 
but is relatively risky for SF and MF.     
Figure 6.15 shows that the fluctuations in watermelon yield contributed 59-64% of the variability in 
GI/ha, with the variation in price having a lesser effect. This finding confirmed the observation of 
key informants that seasonal weather variability was a greater risk than external price variability 
(though price was partly correlated with yield, as discussed above). The key informants indicated that 
the climate-driven events (e.g., drought, excessive rainfall, and hail storms) had a substantial effect 
on the profitability of watermelon crops in the coastal zone.  
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Figure 6.14: Probability distribution of GI per work-day of family labour for watermelon in 
Shaheberabad  
 
 
Figure 6.15: Inputs ranked by their effect on per hectare gross income of watermelon in Shaheberabad 
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Pumpkin was the second most important DS crop, occupying about 11-15% of the net cropped area 
in the DS. It was an important cash crop as well as a major vegetable for family subsistence. 
According to informants, pumpkin was a crop that was stress-tolerant storable, so it could be stored 
at home for consumption and/or sold for a period of 3-4 months after harvest. The price of pumpkin 
was less influenced by seasonality but large-scale production was constrained by marketing problems. 
The typical areas of pumpkin cropping were determined to be 0.27 ha for LF, 0.20 ha for MF, and 
0.13 ha for SF. The representative enterprise budgets presented in this section were for modern 
pumpkin cultivars using 2012 prices for the three types of farm. The farm budget was modified after 
validation, based on the feedback of the key informants and expert panel.   
Table 6.5 (above) presents the data on non-material inputs, particularly labour use, for pumpkin 
cultivation. It was found that per hectare labour-use among three the farm types was quite consistent, 
but there was marked variation in the use of family-supplied and hired labour. The utilization of hired 
labour noticeably increased with increase in the size of the farm (about 59% of the total labour of LF 
was hired, decreasing to only 17% of SF), while the use of family-supplied female labour decreased 
with the increase in size of the farm (only about 14% of the total labour of LF was family-supplied 
female labour, increasing to 45% of SF). On the other hand, female labour accounted for about 60-
62% of total labour and 74-100% of total hired labour among the three farm types, reflecting the 
availability of female labour at lower wages and the fact that manual activities in pumpkin cultivation 
were not so arduous.  
Table 6.6 (above) presents the detailed data on material inputs used for pumpkin farming. Despite a 
recommendation to treat pumpkin seed with Vitavax (Carboxin+Thiram) before planting to control 
seed-borne diseases, the sprouted pumpkin seed was planted in the fields without treating the seed; 
the seeding rate was in the recommended range of 5-7 kg/ha (Rashid and Singh 2000). The LF and 
MF applied 1.5-2 times higher rates of fertilizer than SF. On the other hand, the contrast between the 
fertilizers management practices for pumpkin in the village and the recommended rate was marked. 
LF applied about 90% of the recommended rate (647 kg/ha), but this decreased to 75% for MF and 
48% for SF.  
In reference to specific fertilizers, LF applied nearly 1.5 times more than the recommended rate of 
urea (175 kg/ha) and phosphorus (175 kg/ha) fertilizers (TSP/DAP), while for SF 72-77% of the 
recommended rate was applied for both fertilizers. In relation to gypsum, the amount applied was 
substantially lower than the recommended dose (150 kg/ha), while only LF applied MOP but the rate 
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was only 10% of the recommended rate (100 kg/ha). Finally, despite recommendations, none of the 
farm types applied micronutrients like Borax and Zinc, or organic fertilizers like compost and 
farmyard manure (Rashid and Singh 2000). Cartap, Thiamethoxam and Emamectin benzoate were 
sprayed onto the pumpkin plants for controlling insects, particularly pumpkin beetle. It was apparent 
from discussions with farmers that they were applying fertilizer based on their own knowledge and 
experience, as well their ability to meet the cost.   
 
Figure 6.16: The relative importance of factor inputs on the per hectare total cost of pumpkin 
production in Shaheberabad 
Table 6.7 (above) shows that TC/ha of pumpkin was slightly higher (BDT 4,916-7,052) for LF and 
MF than SF, due mainly to differences in the amounts of applied fertilizers and the utilization patterns 
of family supplied and purchased factor inputs. Although there was consistency in the proportion of 
TPC (55-60% of TC) among three farm types, there were differences among the three farm categories 
in the representation of different factor inputs. Among the actual paid-out costs, fertilizers, pesticides, 
and hired labour were the major costs for LF and MF, representing about 37-45% of TC for LF and 
MF, but decreasing to 22% of TC for SF. The cost of leasing land, fertilizers, pesticides, and tillage 
were the major costs for SF, representing about 45% of TC. Conversely, the imputed cost of family-
supplied labour of SF and MF represented 22-33% of TC, decreasing to 16% of TC for LF, while the 
opportunity cost of own land increased to 26% of TC for LF, decreasing to 11% for SF (Figure 6.16).   
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Above Table 6.7 presents data on production, yield and income from pumpkin crops. Despite 
significant differences in the application rates of fertilizer among the three farm categories, the yield 
achieved for LF and MF farms was  only about 2-3 tonne/ha higher than that of SF, this difference 
being clearly a reflection of differences in the doses of applied fertilizers. The reported typical 
seasonal yield (14.6-17.5 t/ha) for 2011-2012 was higher than the mean yield of 9.6 t/ha reported for 
Khulna in the five-year period 2009/10 to 2013/14 (BBS 2014b), but significantly lower than the 
potential yield (30-45 tonne/ha) for modern pumpkin cultivars (BARI 2013). This indicates there was 
not only still room for increasing the productivity of pumpkin through better management, but it may 
also be possible to decrease the risk of low yields. It was found that pumpkin farming was 
economically more rewarding to LF, with higher per hectare income (GI/ha, NI/ha) and GI/day 
relative to SF and MF. However, the GI/day of SF was consistent with the daily wage rate (BDT 350-
400/work-day) of labouring work in urban centres. A perusal of the data in Table 6.7 indicates that, 
irrespective of farm type, pumpkin farming was a relatively profitable farming option in terms of the 
return to family-owned resources (GI), whether expressed on a per-hectare or a per-workday basis.  
 
The impact of seasonality and market variability on the NI of pumpkin was estimated based on 
farmers’ perceived seasonal variation in yield and prices (worst, typical and best). Seasonal variation 
in local weather conditions affected pumpkin yield, while market variability affected pumpkin prices. 
The GB of pumpkin was estimated based on estimated seasonal yields and prices (Table 6.8 above). 
Key informants reported that farmers obtained a higher price for typical/average seasonal yield than 
in the worst and best seasons. The price fall in the best seasons was due to a higher supply, reflecting 
the local nature of the market, while the price decrease in the worst seasons, despite a decrease in 
supply, was because of the small size and deformed shape of pumpkins due to climatic stress. 
Figure 6.17 reveals that despite about a 10% price decrease, the NI of pumpkin increased by about 
48-110% in the farmers’ perceived best season, relative to a typical/average season, as the yield 
increased by about 27-29% in the best season. The NI of pumpkin in the worst season became 
negative due to a decrease in yield of 18-20% and a decrease in price of about 20%. The data indicate 
that pumpkin cultivation was a profitable farming option in the best and typical/average seasons, but 
seasonal fluctuations affected the economic viability of the crop.  
Stochastic budgets were also constructed for pumpkin. In this analysis, different levels of worst, 
typical, and best yields were used for the three farm types, but the same range in price was used, 
regardless of farm type. The lower benchmark (BDT 25,000) in Figure 6.18 was about the TIC/ha for 
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the three farm categories, while the upper benchmark (BDT 45,000) was selected randomly. The 
simulated mean GI/ha of the crop was nearly two times higher than the TIC/ha, and the CDFs indicate 
that the chance of receiving a GI/ha lower than the TIC/ha was zero for all farm types.  
 
Figure 6.17: Seasonal variations in per hectare net income of pumpkin in Shaheberabad 
 
 
Figure 6.18: Probability distribution of gross income per ha of pumpkin in Shaheberabad 
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Figure 6.19 presents the CDFs of GI/day. The lower benchmark (BDT 200) was the daily off-farm 
wage rate in the DS, while the upper benchmark (BDT 400) was the upper limit of wages for labouring 
work in the urban centres (BDT 350-400 work/day). The CDFs show that LF and MF had a nearly 
100% chance of holding the GI/day above the daily wage of labouring work in the urban centres. 
Moreover, the simulated mean GI/day of SF was consistent with daily wage of labouring work in the 
urban centres; in fact, SF had about a 60% chance of exceeding the upper benchmark. This indicates 
that pumpkin farming was a better livelihood option for SF than labouring work.  
 
Figure 6.19: Probability distribution of GI per day of family labour for pumpkin in Shaheberabad 
 
Figure 6.20 reveals that the variability of GI/ha was affected more by fluctuations in yield than 
fluctuations in price. The results were thus consistent with the perceptions of key informants who 
reported that pumpkin was affected by seasonality but that the magnitude of adverse effects was 
low. 
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Figure 6.20: Inputs ranked by their effect on variability of GI per hectare of pumpkin in Shaheberabad 
 
 
The next step is to link the individual crop enterprises analysed above into the major cropping patterns 
or systems over the full cropping calendar. Table 6.9 lists the major rice-based cropping systems in 
Shaheberabad. Descriptions of production technologies, patterns of use of non-material and material 
inputs, as well as costs and income of the crops in the cropping systems were presented in Sections 
6.3, 6.4 and 6.5 above. Figure 6.21 shows the importance of each crop in terms of the per-hectare 
paid-out cost and gross income in each cropping system for each farm type. Figure 6.22 shows the 
gross income per work-day of family labour in each cropping system for each farm type. The main 
features of the four systems are discussed in the following sections.  
Table 6.9: Major rice-based cropping systems in Shaherberabad 
Pattern Wet season Dry season Early wet season 
P1 T. rice Watermelon Fallow 
P2 T. rice Pumpkin Fallow 
P3 T. rice Watermelon B. rice 
P4 T. rice Pumpkin B. rice 
Source: Case study, 2013, T. rice = Transplanted rice, B. rice = Broadcast rice 
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Figure 6.21: The importance of each crop in terms of the per-hectare paid-out cost and gross income 
of major cropping systems in Shaheberabad 
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(P1: Rice-Watermelon-Fallow; P2: Rice-Pumpkin-Fallow; P3: Rice-Watermelon- Rice;   
P4: Rice-Pumpkin-Rice) 
Figure 6.22: Gross income per work-day of family labour of major cropping systems in Shaheberabad 
 
The most widely-adopted cropping system (P1) comprised transplanted Aman rice in the WS, 
watermelon in the DS, followed by fallow in the EWS. In this pattern the DS crop watermelon 
accounted for 63-66% of TPC/ha and returned 57-66% of GI/ha (Figure 6.21 above). Figure 6.23 
shows that although the per hectare TC of LF for P1 was about 12% higher than that of SF, and while 
the TPC/ha of LF for P1 was about 25% higher than that of SF, this simply represented a contrast in 
the rate of input use and pattern of utilization of family-supplied and hired labour for the crops. LF 
used more purchased inputs, applying larger doses of fertilizers and insecticides, and relied on hired 
labour. Conversely the TIC of SF for P1 was about 14% higher than for LF, clearly indicating that SF 
used more family-supplied resources, particularly family labour. It was also found that LF gave about 
14-25% higher GI/ha and 24-57% higher NI/ha than SF. These results were  consistent with the 
pattern of input use, i.e., LF used more inputs (fertilizers, pesticides, and irrigation) and followed 
better crop management practices (better quality seed and earlier planting), resulting in a  higher yield 
and benefits. The striking feature of the findings was that there was a positive relationship between 
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yield and rate of input application and crop management. This clearly indicated that the productivity 
and profitability of the crops may be further increased though the adoption of modern technologies 
and management, particularly by SF. 
Figure 6.22 (above) shows that although GI/day of LF for P1 was nearly three times higher than that 
of SF,  the ratio for  SF was over 1.5 times greater  than the daily wage rate at local level (BDT 200-
250/work-day) and even consistent with the daily wage rate (BDT 350-400/work-day) of labouring 
work in the urban centres. Figures 6.22 and 6.23 clearly illustrate that, despite the contrast in the costs 
and income among the three farm categories, cropping pattern P1 was a profitable farming option in 
terms of the return to family-owned resources (GI), whether expressed on a per-hectare or a per-
workday basis, for average seasonal yields and prices, for all three farm types, and a better livelihood 
option than that of labouring work.  
 
Figure 6.23: Economics of WS rice-watermelon-fallow cropping pattern (P1) 
Figure 6.24 shows that probability distribution of GI/ha of the WS rice-watermelon-fallow cropping 
pattern. The lower benchmark (BDT 54,500) was TIC/ha of SF and the upper benchmark (BDT 
80,000) was selected randomly. Although the simulated mean of GI/ha of SF was nearly 1.5 times 
higher than TIC/ha, the CDFs show that SF had about a 7% of risk of receiving a GI/ha lower than 
the TIC/ha, decreasing to 4% for MF and 1% for LF. The important feature of the risk analysis was 
that, irrespective of farm type, the cropping pattern was economically viable for typical seasonal 
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yields and prices and, despite the riskiness of watermelon, the overall risk of not meeting family 
resource costs was very low. This is consistent with the observations of the key informants.  
 
Figure 6.24: Probability distribution of gross income (GI) per ha of the WS rice-watermelon-fallow 
cropping pattern in Shaheberabad  
Figure 6.25 repeats the risk analysis for GI/day. The lower benchmark (BDT 250) was the local 
labouring wage rate, while the upper benchmark (BDT 500) was the daily wage rate for labouring 
work in India. The CDFs indicate that LF and MF had 80-100% chance of exceeding the upper 
benchmark. Although the simulated mean GI/day for SF was close to the daily wage rate for labouring 
work in the urban centres (BDT 350-400 work/day), SF had about a 7% risk of receiving a lower 
GI/ha than the local off-farm wage. This result clearly reflects the contrast in yield and pattern of 
input use among the three farm types. The risk analysis confirms that, irrespective of farm type, the 
P1 cropping system was a better livelihood option than labouring, but the SF had a small risk of 
receiving a lower GI/day than the off-farm wage.  
Figure 6.26 presents inputs ranked by effect on GI/ha for P1. The fluctuation in the yield of 
watermelon contributed most to the variability in GI, followed by variability in the watermelon price.  
Fluctuation in the WS rice yield was the next most important contributor to risk, but the price of rice 
was less important. Watermelon was more sensitive to both seasonal weather and market variability. 
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The results are consistent with the perception of key informants, that the productivity and profitability 
of watermelon was significantly affected by seasonal variability in weather and market price.  
 
Figure 6.25: Probability distribution of gross income per work-day of family labour in the WS rice-
watermelon-fallow cropping pattern in Shaheberabad 
 
 
Figure 6.26: Inputs ranked by their effect on per hectare gross income (GI) of the WS rice-
watermelon-fallow cropping pattern (P1) in Shaheberabad 
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The second most important cropping pattern, P2, was composed of transplanted Aman rice in the WS, 
pumpkin in the DS, followed by fallow in the EWS. In this cropping pattern pumpkin accounted for 
about 50-53% of TPC and returned about 56-57% of GI (Figure 6.23 above). Figure 6.27 shows the 
profitability (GB, GI and NI) and cost (TPC, TIC and TC) indices of cropping pattern P2. The per 
hectare costs of the pattern (TC, TPC and TIC) were consistent between LF and MF, and slightly 
lower in SF. However, LF returned between 12-19% higher GI/ha and 23-52% higher NI/ha than for 
MF and SF. The outcome was a reflection of the input use of LF, which applied more inputs, and 
consequently reaped higher yields and benefits than SF and MF. Figure 6.21 (above) presents that 
GI/day for  LF, which was 2-3 times higher than for SF and MF, despite the fact that the difference  
in GI/ha among the farm categories was not large; this reflects the differences in the use of family 
labour among the farm types. The GI/day of the cropping pattern, even for SF, was consistent with 
the daily wage rate in urban centres and was nearly two times the local off-farm wage. The results 
clearly show that the cropping pattern P2 was a profitable farming option in terms of the return to 
family-owned resources (GI), whether expressed on a per-hectare or a per-workday basis, for the 
three farm categories, and therefore a much better livelihood option than labouring.  
 
Figure 6.27: Economics of WS rice-pumpkin-fallow cropping pattern (P2) 
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randomly. The CDFs show that LF and MF had a 50-75% chance of exceeding the upper benchmark, 
whereas for the SF this was 30%. However, none of the farm types had a likelihood of a GI/ha lower 
than the lower benchmark, reflecting the fact that pumpkin was less sensitive to both seasonal weather 
and market variability. The results were confirmed the perceptions of informants that the productivity 
and profitability of pumpkin were less affected by weather and market variability.  
 
Figure 6.28: Probability distribution of gross income per ha of the WS rice-pumpkin-fallow cropping 
pattern (P2) in Shaheberabad 
 
The risk analysis is repeated for GI/day in Figure 6.29, with the same lower benchmark (BDT 250) 
as used previously. The simulated mean of GI/day for SF was consistent with daily wage rate of 
labouring work in the urban centres, while the CDFs show zero chance of obtaining a GI/day lower 
than the local off-farm wage, even for SF. Thus, irrespective of farm type, the cropping pattern (P2) 
was a better livelihood option than labouring.  
Figure 6.30 shows the relative impact of component variability on the variability of GI/ha for the 
cropping pattern P2 as a whole. It reveals that fluctuations in the yield of pumpkin and WS rice 
contributed most to GI variability, with the contribution of price fluctuation for pumpkin being much 
higher than the price of WS rice. Pumpkin was more sensitive to the seasonality effects of both 
weather and market variability than WS rice.  
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Figure 6.29: Probability distribution of gross income per work-day for family labour in WS rice-
pumpkin-fallow cropping pattern (P2) in Shaheberabad 
 
 
Figure 6.30: Inputs ranked by effect on GI per hectare of the WS rice-pumpkin-fallow cropping 
pattern (P2) in Shaheberabad 
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The third and fourth cropping patterns in Table 6.9 merely added a small area of EWS rice to the first 
two cropping patterns. As shown in Section 6.4, EWS rice was less profitable and more risky than 
the main WS rice crop, mainly due to fluctuations in yield resulting from the dependence on uncertain 
rainfall. However, despite the greater risk of not covering the value of household inputs (TIC) or 
falling below the local off-farm wage rate, EWS rice was typically undertaken as a small-scale, low-
cost means of supplementing WS rice supplies, especially when the previous WS harvest had not 
been sufficient to meet the household’s subsistence needs. This was more likely to be the case for SF 
households, though all farm types planted some EWS rice from time to time. Figure 6.31 shows the 
costs and returns for cropping pattern P3, incorporating EWS rice into the WS rice-watermelon 
system, and Figure 6.32 presents the same data for P4, incorporating EWS rice into the WS rice-
pumpkin system. As can be seen in each case, the GI and NI per ha did not vary greatly between farm 
types and were generally less than for the first two cropping patterns. Likewise, Figure 6.22 (above), 
shows that the GI per day of family labour was substantially less for P3 and P4 for all farm types. This 
is not to suggest that the practice of planting a small area of EWS rice was uneconomic, as it was 
clearly a useful risk-management strategy for semi-subsistence households. 
 
Figure 6.31:  Economics of WS rice-watermelon-EWS rice cropping pattern (P3) in Shaheberabad 
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Figure 6.32 : Economics of WS rice-pumpkin-EWS rice cropping pattern (P4) in Shaheberabad  
 
 
The four cropping systems have been shown to be economically viable, with varying but probably 
acceptable degrees of risk. Each has also been shown to have potential for improvement, particularly 
if the resource constraints facing SF households could be removed. It is useful to compare the four 
systems in terms of the main indicators of income and risk. However, as discussed in Chapter 4, and 
above with regard to EWS rice, this is not to suggest that farmers should switch to the cropping system 
giving the highest returns with the least risk, as measured here. Rather, the existing choice of cropping 
systems can be assumed to reflect the range of individual goals and circumstances within the farming 
population in Shaherberabad. 
Table 6.10 compares the GI per ha of the four cropping systems, based on the preceding analyses. 
Given typical seasonal conditions, the rice-pumpkin-fallow system (P2) comes out ahead for all three 
farm types. This is followed by the rice-watermelon systems, with (P3) or without (P1) EWS rice. 
Table 6.11 makes the same comparisons on the basis of GI per day of family labour. Here the 
dominance of the two-crop systems (P1 and P2) is clearer, with the addition of a third crop (EWS rice) 
bringing the returns down for all farm types. Even for the worst-performing system (P3 for the SF 
household), however, the return to family labour is above its opportunity cost, taken to be the rural 
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Table 6.10:  Gross income per hectare of major cropping systems in Shaherberabad 
Cropping systems 
Gross income (BDT/ha) 
Large farm Medium farm Small farm 
P1: T. rice-Watermelon-Fallow 106,868 92,428 79,798 
P2: T. rice-Pumpkin-Fallow 208,866 188,729 164,018 
P3: T. rice-Watermelon-B. rice 107,642 100,383 93,362 
P4: T. rice-Pumpkin-B. rice 93,628 89,552 91,139 
 
Table 6.11: Gross income per day of family labour of major cropping systems in Shaherberabad 
Cropping systems 
Gross income of family labour (BDT/work-day) 
Large farm Medium farm Small farm 
P1: T. rice-Watermelon-Fallow 1,288 711 371 
P2: T. rice-Pumpkin-Fallow 1,326 691 422 
P3: T. rice-Watermelon-B. rice 988 552 323 
P4: T. rice-Pumpkin- B. rice 975 527 353 
 
Comparing the risk profiles of the cropping systems gave a similar result. In the interests of space, 
only the results for SF households are presented here. In any case, these represented the most 
numerous farm type. Figure 6.33 shows the CDFs for NI per ha of the four cropping systems. By 
inspection, the rice-pumpkin system (P2) showed first-degree stochastic dominance (FSD) over the 
other three. The rice-watermelon system (P1) and the rice-pumpkin-rice system (P4) could not be 
separated based on second-degree stochastic dominance (SSD), but the P1 system showed a higher 
probability of both very high and very low returns (e.g., an 8% risk of negative returns). The rice-
watermelon-rice system (P4) performed least well on these criteria. 
Figure 6.34 shows the CDFs for GI per day of family labour. Here the rice-pumpkin system (P2) 
shows even clearer FSD over the others, while the rice-watermelon system (P1) shows SSD over P4 
and FSD over P3. Again, the spread of the rice-watermelon system is apparent, reflecting the yield 
and price risk associated with the watermelon enterprise, as discussed in Section 6.5.2. Thus both 
systems incorporating watermelon have a small but definite risk of generating returns to labour below 
the rural wage – 8% for P1 and 16% for P3. Nevertheless, the potentially high returns to watermelon 
have induced most farmers to adopt these cropping systems, despite the risk. The productivity of the 
main WS rice enterprise, contributing to self-sufficiency in rice, no doubt helps to underwrite the 
more risky but remunerative DS cropping. 
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Figure 6.33: Distribution of net income per ha of major cropping systems for the small farm 
 
 
Figure 6.34: Distribution of gross income per work-day of family labour of major cropping systems 
for the small farm 
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The household survey revealed that both male and female household members took part in various 
off- and non-farm livelihood activities besides own-account farming. There was wide variation in the 
participation of family members in these activities because of variation in the size of farms and 
household composition (Figure 6.35). There was no report of LF household members engaging in 
off- or non-farm wage work within or beyond the village, but in SF households the overwhelming 
majority of male member (87%) and female members (71%) worked for wages in the village, 
decreasing to 57% of males and 21% females in MF households. For the whole sample, 72% of all 
households (i.e., including landless households) and 69% of farm households had male members 
engaged on off-farm or non-farm work within the village, while 55% of all households and 49% of 
farm households had female members engaged on the same kinds of work. 
Only men migrated outside the village when opportunities for wage employment within the village 
were scarce. Of the total sample, 53% of households had one or more male members who temporarily 
migrated to other districts for labouring work during lean periods. This proportion was 100% of 
landless households, 61% of SF households, and 36% of MF households. No LF households had 
migrant workers. Altogether, 47% of all farm households took part in this activity (Figure 6.35).  
Self-employment activities were also an important means of livelihood in Shaheberabad. The main 
such activities undertaken by men were petty business, seasonal business, open-water fishing, 
transporting people by motor bike, motorised vans, and push-vans, carpentering, and barbering. 
Women mainly participated in petty businesses, tailoring, and collecting cattle dung from the fallow 
fields for drying and sale as fuel. Over three-fifths (65%) of farm households had men involved in 
self-employment activities and 59% of all households in the village. The participation rate was highest 
for SF households (71%), decreasing to 57% for MF households and 50% for LF households, and 
was only 14% for landless households. Less than half (45%) of all households had women engaged 
in self-employment, and only 39% of farm households. The participation of women from landless 
households in self-employment activities was higher than that of men from the same households 
(Figure 6.35).  
Hiring out of farm machinery was also an important livelihood activity of farm households. The 
majority (83%) of LF households rented out machinery, decreasing to 36% of MF households and 
16% of SF households (Figure 6.35). 
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Figure 6.35: Gender-wise participation of households in off- and non-farm activities in Shaheberabad 
Figure 6.36 presents the season-wise distribution of off- and non-farm income of farm households in 
Shaheberabad. The year was divided into four seasons in reference to the three main cropping seasons  
(the dry season, the early wet season, and the wet season) and a post wet season (from the panicle-
initiation stage of wet-season rice until the commencement of cultural operations for dry-season 
crops). The off/non-farm activities were classified into five categories based on their type and 
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location: (i) off/non-farm wage work at village level; (ii) temporary migration for off/non-farm wage 
work outside the village; (iii) non-farm self-employment activities; (iv) off-farm income from hiring 
out farm machinery; and (v) salaried employment.  
The contribution from hiring out farm machinery was higher than that of the other activities. The 
income from this source was highest during the early wet season, because tractors were needed during 
this time for the preparation of the wet-season rice fields. Income from hiring out machinery was also 
important in the dry season, when tractors were used to prepare fields for dry-season cropping. Pumps 
were also hired out for irrigating dry-season crops, and powered sprayers for spraying pesticides and 
insecticides. Powered sprayers were hired for spraying pesticides and insecticides in the wet season 
rice. Powered tractors were also hired for threshing rice during post-wet season cropping. Income 
from self-employment was fairly consistent throughout the year (BDT 25,000-31,000). 
 
Figure 6.36: Seasonality of off/non-farm income of farm households in Shaheberabad  
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Wage income earned within the village level was highest during the post wet-season period, while 
that from temporary migration was lowest during that period (Figure 6.36). Harvesting and threshing 
wet-season rice was the major off-farm wage employment activity, while the repairing of roads and 
embankments was the main non-farm wage-earning activity during this post-monsoon period. Wage 
income was almost as high during the dry season, when the cultural operations of dry-season crops 
provided major scope for off-farm wage employment, but mainly for female labour as their wage was 
low. Repairing roads and embankments and excavating ponds and canals were common forms of 
non-farm wage work in the dry season. The average wage income during the early wet season was 
even higher than in the wet season. This was because land preparation activities for wet-season rice 
were mainly carried out in the latter part of the early wet season. Also, family members participated 
in off-farm wage work relating to the transplanting of wet-season rice. (Figure 6.36).   
In the dry season, most men from SF families migrated to other districts for harvesting dry season 
rice and working on shrimp gher. Harvesting dry-season rice was seen as the most arduous farming 
activity. However, it was mainly younger men who participated in this category of wage employment; 
their wage payment was usually “in kind”, with the rice received in payment being used for family 
consumption (Figure 6.36). Wage income from temporary migration during the wet season was 
second to that in the dry season. Men migrated from Shaheberabad to other districts for transplanting 
wet-season rice as the transplanting of rice in Shaheberabad was delayed relative to other districts. 
 
To understand the place of rice-based cropping systems in the livelihoods of the households in 
Shaheberabad, it is useful to assemble the results of the above analyses into tables showing 
contributions to whole-farm income (including all cropping, livestock, and homestead-based farm 
activities) and to household income (including off- and non-farm sources). 
Table 6.12 summarises the average costs and returns of major farm enterprises of the three farm types 
in Shaheberabad based on the household survey. The contrast in gross farm revenue between the three 
farm types is stark, reflecting the differences in land and other resources between them. Nevertheless, 
gross farm revenue per hectare increased with decreasing farm size, consistent with the hypothesis 
that smaller farms are operated more intensively (Ellis 1993; Netting 1993; Eastwood et al. 2010). It 
can be seen that DS crops (particularly watermelon) contributed the most to gross income, followed 
by WS rice, for all three farm types. GB from watermelon contributed a remarkably constant 35-37% 
of gross farm revenue across the three types. EWS rice, homestead cropping, and pond fish each made 
much smaller contributions. Total paid-out costs (TPC) also varied markedly across the three size 
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classes, reflecting the greater resources of the larger farm types, but again TPC per hectare ha 
increased with decreasing farm size, consistent with the small farm hypothesis. In addition, SF 
households made greater use of family labour, especially women, than LF households. Hence the 
differences in gross farm income (total gross farm revenue less total paid-out costs) – a measure of 
the returns to family-owned resources – were not as great as the differences in farm size would 
suggest. Gross farm income per hectare increased with decreasing farm size, such that SF had 44% 
higher GFI per ha than LF.  
Table 6.12: Average whole-farm costs and returns of different farm types in Shaheberabad  
Costs and returns Large farms 
(3.02 ha) 
(n=6) 
Med. farms 
(1.53 ha) 
(n=14) 
Small farms 
(0.55 ha) 
(n=31) 
All farms 
(1.11 ha) 
(n=51) 
Gross farm revenue 690,807 380,472 169,318 287,497 
GFR per ha: 228,744 240,675 307,851 259,006 
  WS rice 233,701 113,829 41,435 83,928 
  EWS rice 23,300 16,400 6,900 9,533 
  DS crops: 299,136 166,934 79,460 129,364 
       Watermelon 253,636 137,318 59,426 103,656 
       Pumpkin 29,333 17,154 11,244 14,894 
       Other dry season crops 16,167 12,462 87,90 10,814 
   Homestead and dike crops 51,720 32,095 18,305 26,022 
   Pond fish  48,700 21,386 8,985 17,062 
   Livestock 34,250 29,828 14,233 21,588 
Total paid-out costs 241,735 129,260 51,478 94,313 
TPC per ha: 80,045 84,484 93,596 84,967 
   WS rice 96,076 47,706 15,548 33,850 
   EWS rice 14,180 8,537 2,476 4,640 
   DS crops: 109,604 60,362 27,687 46,270 
       Watermelon 93,266 49,631 21,263 37,521 
       Pumpkin 12,943 8,239 4,842 6,674 
       Other dry season crops 3,395 2,492 1,582 2,075 
   Homestead and dike crops 8,620 5,124 2,792 4,118 
   Pond fish  8,117 3,415 1,371 2,725 
   Livestock 5,138 4,116 1,604 2,710 
Gross farm income 449,072 251,212 117,840 193,184 
GFI per ha 148,699 164,191 214,255 174,040 
Source: Household survey, 2014 
Agriculture made a substantial contribution, directly and indirectly, to the livelihoods of households 
through providing food, cash, and employment, while off- and non-farm activities also played a vital 
role in generating additional cash. Table 6.13 shows total household income, combining whole-farm 
income and the major off- and non-farm livelihood activities for the different farm types. As expected, 
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there was substantial variation in household income, farm income, and off- and non-farm income 
between the three farm types. However, the differences in household income were again not as great 
as the differences in farm size – though LF households averaged 5.5 times the land area of SF 
households, their household income was only 3.4 times as great. Despite having no participation in 
wage work, LF households had a substantial non-farm income from hiring out farm machinery and 
the salaried employment. MF and SF households, on the other hand, drew on all the additional sources 
of livelihood, though the average income from hiring out machinery and salaried employment was 
much lower for the SF households, which relied mainly on self-employment and wage work, 
including temporary migration beyond the village. On average, 59% of household income was 
derived from agriculture. This was higher for LF households (60%) and MF households (64%) than 
for SF households (54%), the latter having a greater need to supplement their smaller total farm 
income with other income sources. 
Table 6.13: Total household income of different farm types in Shaheberabad 
Income Large farms 
(3.02 ha) 
(n=6) 
Med. farms 
(1.53 ha) 
(n=14) 
Small farms 
(0.55 ha) 
(n=31) 
All farms 
(1.11 ha) 
(n=51) 
Gross farm income (A): 449,072 251,212 117,840 193,184 
     WS rice 137,625 66,123 25,887 50,078 
     EWS rice 9,120 7,863 4,424 4,893 
     DS crops 189,534 106,571 51,773 83,094 
           Watermelon 160,371 87,687 38,163 66,135 
            Pumpkin 16,391 8,915 6,402 8,220 
            Other dry season crops 12,772 9,969 7,208 8,739 
     Homestead and dike crops 43,100 26,971 15,513 21,904 
     Pond fish  40,583 17,971 7,615 14,336 
     Livestock 29,113 25,711 12,628 18,878 
Off/non-farm income (B): 298,325 137,342 101,591 134,484 
    Off/non-farm wage work 0 15,575 29,582 22,256 
    Temporary migration 0 19,768 21,047 35,467 
    Non-farm self-employment 37,808 31,289 37,009 18,220 
    Hiring out farm machinery 135,517 56,139 11,243 38,188 
    Salaries 125,000 14,571 2,710 20,353 
Household income (A+B) 747,400 388,552 219,431 327,667 
Farm income % 60.1 64.7 53.7 59.0 
Source: Household survey, 2014 
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Given the importance of farm wage employment, whether as a paid-out cost to LF households or a 
source of income to SF and landless households, it is important to examine the farming labour profile 
of the three farm types (Figure 6.37). The increase in DS cropping has generated opportunities for 
off-farm workers in January-April, but it is women who are mostly employed (as well as in October 
for weeding of paddy fields). Men mainly get work during the three months of July, September, and 
December, transplanting and harvesting EWS and WS rice. However, opportunities for wage workers 
have decreased during May-June due to the decline in EWS rice and the change from transplanting 
to broadcasting. The adoption of tractors for land preparation in July-August has also reduced work 
opportunities, as has the introduction of powered threshers during January. The net result is that, for 
6-7 months of the year, most male family members, particularly in MF, SF, and landless households, 
migrate temporarily to take up work opportunities in other districts and in urban centres (Chapter 5, 
Figure 5.7).  
Figure 6.38 illustrates the relative contributions of the different income sources to household income.  
As noted above, DS crops made the greatest contribution to farm income and Figure 6.37 shows that 
these DS activities made the greatest contribution to total household income, averaging 25%. This 
was followed by WS and EWS rice, which averaged 17% in monetary terms. However, non-farm 
self-employment and (for SF households) off- and non-farm wage income made a significant 
contribution to household income, averaging 17% and 18% respectively. Although the individual 
share of minor enterprises, such as homestead/dike crops, livestock, and pond fish, was significantly 
lower than that of the major enterprises, like watermelon and wet-season rice, the combined 
contribution of these minor farm enterprises was equivalent to the contribution of rice. The 
overwhelming conclusion is that farm households in Shaheberabad were highly diversified, 
combining subsistence- and market-oriented agriculture with an array of non-agricultural pursuits. 
This diversity had contributed to the sustainability of their livelihoods in the face of adverse shocks 
and trends in their environment. 
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Figure 6.37: Annual farm labour profiles for three farm types in Shaheberabad  
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Figure 6.38: Contribution of farm and non-farm activities to household income in Shaheberabad 
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households in that village have been adapting to their changing circumstances, both biophysical and 
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the profitability and riskiness of alternative farm enterprises. The rice-based cropping systems they 
have adopted, with WS rice and profitable DS crops, have been economically viable given typical 
seasonal yields and prices. Better access to irrigation in the dry season would make these systems 
more viable, or enable more farmers to adopt them. Some systems are more risky than others, but 
farmers have largely been able to balance their livelihood portfolios to offset the risks from fluctuating 
yields and prices. The overall trend has been one of farm and livelihood diversification, contributing 
to household resilience. Small farm households, though still deriving most of their income from 
Rice
20
Rice
19 Rice
14
Rice
17
DSC
25
DSC
27
DSC
24
DSC
25
HDC, 6 HDC, 7
HDC, 7
HDC, 7
LF
9
LF
11
LF
9
LF
10
WW, 9
WW, 23
WW, 18
NFSE
23
NFSE
23
NFSE
22 NFSE
17
ESJ, 17
ESJ, 4 ESJ, 1 ESJ, 6
0
10
20
30
40
50
60
70
80
90
100
Large farm Medium farm Small farm All farm
P
er
ce
n
ta
g
es
 o
f 
w
h
o
le
 f
a
rm
 i
n
co
m
e
Farm household types
FI: Farm income, NFI: Non-farm income, ESJ: Salary of employed job, NFSE: Non farm self-employment, 
WW: Wage workr, LF: Livestock and fish, HDC: Homeyard/pond dike crops, DSC: Dry season crops
FI
FI
FI FI
NFI NFI
NFI
NFI
156 
 
agriculture, have had to depend to a greater extent on off- and non-farm livelihood activities including 
wage labouring and self-employment, periodically migrating to other locations to supplement 
household income. The small number of landless households, of course, were totally dependent on 
these sources of livelihood. 
Notwithstanding the current economic viability of the farming systems in Shaheberabad, as discussed 
in Chapter 3, a large number of studies anticipate ongoing climate change, increased frequency and 
intensity of natural calamities (floods, tropical cyclones, storm surges, and droughts), and increased 
salinisation in the coastal zone. Consequently, the sustainability of coastal farming and livelihood 
systems such as analysed here will be seriously challenged. In this context, it is important to 
understand farmers’ perceptions of climate and environmental change and their current and 
anticipated adaptive responses. These are analysed for both case-study villages in Chapter 9. It is also 
important to assess the economic viability of current and potential farming options, given future 
climate and environmental scenarios. This assessment is undertaken, again for both villages, in 
Chapters 10 and 11. 
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UTTAR KAMINIBASIA VILLAGE PROFILE 
 
 
Uttar Kaminibasia is a village of Tildanga Union in Dacope Upazila, Khulna District, located about 
15 km southwest of Dacope and 51 km southwest of Khulna at around 22.5 ºN and 89.5 ºE. The 
village is situated within Polder 31 of the system of coastal embankments. The Sundarbans mangrove 
forest is about 10-15 km from the village. In fact, the village was part of this mangrove forest over 
100 years ago. Two large rivers, the Shibsha and Dhaki, flow on the western and eastern sides of the 
village, respectively. However, the village is usually not affected by floods and small-scale cyclone 
and storm surges because of a WAPDA embankment along both rivers (Figure 7.1). The embankment 
is used as a road and to provide shelter for people and livestock during natural disasters. Uttar 
Kaminibasia village was considered remote due to its poor transportation links. The village was not 
directly connected with either the Upazila or District headquarters by waterways, while the road 
network was not suitable for transporting people and goods by bus, car, or truck.  
The village had 210 households with an average family size of 5.25 persons. The total village 
population in 2013 was 1,103, comprising 49% males and 51% females. About 79% of total 
households in the village were farming families, being divided among small farms (SF) (up to 1 ha), 
medium farms (MF) (1-3 ha), and large farms (LF) (more than 3 hectares) (Table 7.1). 
Table 7.1: Classification of farming households in Uttar Kaminibasia 
Categories 
Number of 
households 
Percent of total 
Households 
Percent of farm 
households 
Mean (standard 
deviation) of 
farm size (ha) 
Small farmer 102 49 61 0.49 (0.27) 
Medium farmer 42 20 25 1.57 (0.54) 
Large farmer 22 10 13 4.88 (1.6) 
Landless  44 21 - - 
Total 210 100 100 - 
Source: Village census, 2013.  
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Figure 7.1: Uttar Kaminibasia village map 
Source: Group discussion 2013 
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The average size of the 112 sample households was 4.9 persons (compared with the national average 
of 4.4 persons), with a sex ratio (males:females) of 1:1.12 (BBS 2011a). The sample population was 
divided into five categories based on their contributions to farming and non-farming activities. People 
aged over 55 years and between 14-19 years were categorized as less active while those aged 20-55 
years were regarded as the most active, with a high involvement in both farming and other income-
generating activities. The survey revealed that nearly 60% of the population belonged to the active 
age category, whereas only 9% was in the less-active age category (>55 years). About 14% were 
classified as young people (14-19 years) who, even though most were still students, contributed to 
the less arduous cultural operations of farm enterprises on a part-time basis. It was notable that the 
level of education of the population had increased over time, with the mean years of schooling 
increasing with decreasing age (Table 7.2). 
Table 7.2: Demographic features of households in Uttar Kaminibasia  
 Items Number % distribution 
Family size 4.9 100 
Male  2.6 53 
Female 2.3 47 
Age classification of population Population (%) Education (years of schooling) 
Less active age (>55 years) 9 4 
Active age (20-55 years) 60 8 
Young (14-19 years) 14 10 
Children (6-13 years) 11 All are students 
Infants (<6 years) 6  
Source: Farm household survey, 2014 
Table 7.3 presents the basic agricultural statistics of the three farm household types (LF, MF and SF). 
There were no large differences in age, farming experience, and level of education of the household 
heads among the three types. The mean number of years of schooling of household heads was 8; 
based on 2001 statistics, only 29% of the total population had 6-9 years of schooling (BBS 2014a).  
The homestead areas in the village were used for cultivating vegetables and pond fish as in other 
coastal villages. Although there was large variation in the size of the homestead area among the three 
farm types, the area being used for home-yard cropping was similar. The percentage of total 
landholding being used for home-yard crops decreased with the increase in farm size, but a reverse 
relationship existed for the area committed to fish ponds. There was a marked difference in the size 
of the operational areas among the three farm types. The mean farm size in the village (1.4 ha) was 
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nearly three time higher than national average (0.51 ha), which was closer to the mean farm size of 
SF households in the village (BBS 2014a). 
Not surprisingly, there were substantial differences among the farm types in total rice production and 
the percentage of produced paddy rice used for family consumption, due to the difference in the 
average size of farms. Although even SF households sold rice, on average about 30% of total 
production, some SF households were not food-secure. The number of livestock per household was 
similar among the three farm types, with an average of 2 cattle/buffaloes, 3 sheep/goats, and 9 
fowls/ducks, and was also consistent with the national averages (BBS 2011b) (Table 7.3). 
Table 7.3: Agricultural statistics from 2014 household survey in Uttar Kaminibasia 
 Items Large 
(n=7) 
Medium 
(n=19) 
Small  
(n=37) 
All/mean 
(n=63) 
Age of household head (years) 48 48 46 47 
Farming experience of head (years) 29 23 22 23 
Education head (years) 10 9 8 8 
Homestead area (ha)  0.17 0.09 0.07 0.09 
Home-yard garden (% of total area) 13 18 32 5 
Fish pond (% of total home area) 34 26 29 6 
Farm size (ha) – mean  
                        – standard deviation 
4.59  
(1.36) 
1.73  
(0.58) 
0.63  
(0.19) 
1.40 
(1.35) 
Rice production (tonne) 17.9 6.6 2.7 5.57 
Rice self-sufficiency (number of months)  12 12 11 11 
Total rice used for family consumption (%) 24 51 70 59 
Surplus rice as a percentage of total rice  76 49 30 41 
Number of cattle 3 3 2 2 
Number of goats and sheep 4 2 4 3 
Number of poultry 9 9 10 9 
Source: Households survey, 2014 
Farming was the only means of livelihood for 44.0% of households, the primary occupation of 25.5%, 
and the secondary occupation of 3.5%. Off-farm wage work was the only livelihood option of 11% 
of households, and the primary and secondary occupation of 15% and 18% of households, 
respectively. Self-employment activities like push van driver, motorised van driver, tractor driver, 
carpenter, barber, mechanic, small business, and private tutor, were the primary income source for 
3% of households and a secondary income source for 22% of households. The results clearly indicate 
that most households (70%) in the village were directly or indirectly dependent on agriculture for 
their livelihoods (Table 7.4). This was consistent with the livelihood characteristics of households in 
Khulna District and Bangladesh generally. 
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Table 7.4: Occupation classifications of households in Uttar Kaminibasia  
Occupations Number of 
households 
% of 
total Primary Secondary 
Farming   115 44 
Farming Wage employment 39 15 
Wage employment  29 11 
Wage employment Farming 5 2 
Wage employment Self-employment 34 13 
Self-employment Wage employment 8 3 
Farming Self-employment  22 9 
Service  Farming 4 1.5 
Farming Service 4 1.5 
 Total   260 100 
Source: Village census, 2013 
Most houses in the village were katcha (mud or bamboo or mangrove palm leaf walls and rice straw 
or golpata leaf roof); some houses were semi-pucca (brick walls with tin sheet or mud tile roofs); a 
few were pucca (brick walls and iron roof). The village was not connected to the national electricity 
grid but most households had their own solar panels to produce electricity for lighting. The 
households were located in three clusters within a 2½ km area. A brick-based unsealed road went 
through the village. The main canal ran across the northern side of main road of the village, and 
another canal flowed down the southern side of arable land of the village. Most houses were located 
on the southern side of the road but a small cluster of houses were on the northern side of the main 
canal (Figure 7.1). Most of the farming families had fish ponds and shrimp gher adjacent to their 
homes. 
Farmers in the discussion group reported that there were two informal pre-primary private schools in 
Uttar Kaminibasia. In addition, there was a government primary school and a registered primary 
school recently converted to a government primary school; most children studied in these schools. A 
few children studied at a private primary school located about five km from the village, in Botbonia 
Bazar, due to a perception of better education opportunities than offered by the government primary 
schools. There was one secondary school in Uttar Kaminibasia but some students studied at the 
Botbonia Bazar High School because of better educational standards. All higher secondary students 
studied in colleges located about 15 km away in Dacope. However, as there was no suitable 
transportation from the village to the school, students had to stay in college boarding houses or rented 
accommodation in Dacope. People in the village received basic health services from a village 
community health clinic and went to the Upazila health complex hospital for treatment as well.  
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According to key informants, the total area of the village was about 111 ha, of which about 86% was 
arable land and 14% was homestead land. The homestead area was mainly used for dwellings (80%), 
kitchen gardens for vegetable cultivation (5%), and fish ponds (15%). The village areas were flat, 
with the topography of the homestead area being classified as “medium-high” (flooded to about 90 
cm); most arable land (85%) was classified as “medium-low” (flooded to 90-180 cm) and the 
remainder (15%) was classified as “low” (flooded to 180-275 cm) (BBS 2014b). 
According to informants, soil and water salinity in the shrimp gher, rivers, canals, and household fish 
ponds, increased in the dry season (DS), largely because of the continuous production of brackish-
water shrimp over the last 28-30 years. However, salinity levels dropped in the wet season (WS) 
because of continual flushing by fresh tidal water. The perceptions of the key informants were 
consistent with the results of the soil analyses (Table 7.5). It was found that mean soil salinity 
increased (14.28 dS/m) in the dry season but the soil and water salinity of the WS rice fields, canals, 
and rivers dropped (1.49 to 2.50 dS/m) during the monsoon season. According to the classification 
of the Soil Resource Development Institute (SRDI), the level of salinity in the village was in the high 
(12-15 dS/m) and very high (> 15 dS/m) categories. The average soil reaction was neutral, but ranged 
from strongly acidic (pH 4.5-5.5) to slightly alkaline (pH 7.4-8.4) (SRDI 2012). The level of soil OM 
was medium (1.8-3.4%), nitrogen was low (0.091-0.18%), phosphorus was low (5.25-10.5 µg/g) to 
medium (10.51-15.75 µg/g), zinc was low (0.45-0.9 µg/g) to optimum (1.35-1.8 µg/g), but the levels 
of sulphur (>37.5 µg/g), boron (>0.75 µg/g) and potassium (>0.45 meq/100g) were exceptionally 
high (BARC, 2005). 
A few households had tube-wells for pumping drinking water but the water was neither completely 
suitable for drinking due to the level of salinity, nor suitable for cooking because of high iron content. 
Most households were unable to sink tube-wells as only a few locations produced drinkable water. 
Hence most households stored rainwater in earthen pots and plastic containers for drinking, and 
collected drinking water from the tube-wells of neighbours. All households collected water for 
cooking from a government water treatment plant at Mozamnoar Bazar, located 2-3 km away. The 
scarcity of fresh water for domestic use became very severe due to a marked increase in salinity 
during the dry season (DS), even in household ponds. This increased scarcity has been reported as an 
adverse consequence of shrimp culture (Tho et al. 2008; Hens et al. 2009; Rahman et al. 2011; 
Hossain et al. 2013). In addition, the incidence of various waterborne diseases was reported to be very 
high, due mainly to having to carry out cultural operations in saline water and from using saline pond 
water for bathing and other domestic purposes, including drinking.  
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Table 7.5: Soil chemical properties for Uttar Kaminibasia 
Items Mean Range St. Dev. 
pH 6.9 5.3-7.9 0.95 
Soil salinity (dS/m) in DS 14.30 11.87-18.8 2.73 
Soil salinity (dS/m) in WS 1.49 0.5-2.5 0.68 
Water salinity (dS/m) in WS 2.50 0.8-4.3 2.50 
Organic matter (OM) (%) 2.00 2-2.48 0.36 
Total Nitrogen (%) 0.12 0.12-0.14 0.02 
Potassium (meq/100g soil) 0.79 0.79-0.86 0.06 
Phosphorus (µg/g soil) 7.8 7.8-11.8 2.6 
Sulphur (µg/g soil) 98.26 98.26-201.31 45.73 
Boron (µg/g soil) 1.25 1.25-1.58 0.18 
Zinc (µg/g soil) 0.54 0.54-1.8 0.64 
Source: Dry-season soil samples were collected in March 2013. Soil and water samples were 
collected during wet-season rice cropping (mid-August to early-December) 2014, and analysed in 
the SRDI, Khulna Laboratory; St. Dev. = Standard Deviation 
According to farmers in the discussion group, there were two canals connected with two sluice gates 
on the embankment of the Shibsha River which were the main sources of tidal water for farming 
(Figure 7.2). Some arable areas had access to tidal water through a sluice gate on the embankment of 
the Dhaki River, as well from a number of man-made small holes in the embankment of the Shibsha 
and Dhaki Rivers. The field-level personnel of the Bangladesh Water Development Board (BWDB) 
were responsible for admitting tidal water into the shrimp gher and paddy fields until 2000. 
Thereafter, a village committee was formed, consisting of a ward member of the local Union Council, 
along with elite and knowledgeable men in the village concerned with polder management. The ward 
member was the chairman of the committee as an elected representative of the Union Council. The 
committee was responsible for admitting tidal water into the gher and paddy fields. The sluice gates 
were only open for three days before and after the full and new moon for admitting brackish water 
into the shrimp gher during the period mid-Feb to mid-June. The sluice gates were also opened for 
8-10 days a month in the wet season to allow the entry of fresh tidal water for the WS rice crop. 
 
 
One of the key informants reported that, in 1950, villagers voluntarily constructed embankments on 
the Shibsha and Dhaki Rivers around the village in order to cultivate crops and protect inhabited areas 
from floods and tidal surges. Broadcast WS (B. Aman) rice/fish followed by fallow was the only the 
cropping system for about 60-65% of the arable area. The remaining area was very low and was 
generally left fallow (Table 7.6). The productivity of local varieties (LVs) of rice was reported to be 
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4-5 mound/bigha (1-1.5 ton/ha). Despite low yields, most farming families were food-secure as the 
size of farms was quite large (10-40 ha), and plenty of fish were available in the rice fields and rivers. 
However, there was a lack of off-farm employment in the village, hence most residents would catch 
fish in the rivers and some would go to the Sundarbans mangrove forest to catch fish and cut wood.  
 
This informant stated that the embankment constructed in 1950 on the Shibsha River was broken 
because of a strong tidal surge in 1955. Thereafter, a few areas (10-15%) were used to cultivate WS 
rice but most of the area was left fallow during 1955-1958 because most rice fields would be under 
saline water during the sowing period for WS rice, and because floods would frequently damage the 
rice crop (Table 7.6). Most villagers would catch fish in the fallow land, rivers, and the estuaries of 
the Sundarbans to earn cash income and meet family subsistence needs. The fallow land became full 
of saline-tolerant plants which would stagnate during the DS, possibly due to the excess salinity, but 
would then enter a period of vibrant growth after the start of the monsoon rains. Among the plants 
that grew on the fallow land was a grassy reed locally known as mele that poor people would harvest 
from mid-October to December for weaving mats. The woven mats were used as sleeping mats, even 
in urban areas, so some poor people became vendors of the mats. 
The same key informant reported that in 1959, the then local Member of Parliament (MP) leased most 
of the arable land of the village for a period of five years. It was during this period that an embankment 
was constructed on the Shibsha and Dhaki Rivers, along with the necessary infrastructure, to culture 
shrimp in the DS, but landowners would grow rice in the WS. After the construction of the 
embankment, the area under WS rice increased significantly to 55-60% of the area (Table 7.6). 
However, after several years (in 1961), the embankment on the Shibsha River was partially damaged 
  
(a) River side of open sluice gate on Shibsha River in the 
dry season, Kabir (20/03/2013) 
(b) Opened sluice gate for admitting tidal water to shrimp 
gher (Kabir 20/03/2013) 
Figure 7.2: Admitting tidal water into the shrimp gher through sluice gate on the bank of Shibsha 
River in Uttar Kaminibasia 
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as a result of storm surges. According to the terms of the lease, the lessee should have reconstructed 
the broken embankment, but repairs were not undertaken in order to get an increased flow of tidal 
water for the gher. The villagers then asked the lessee to repair the embankment, as the WS rice and 
the homestead areas were being affected by tidal floods. Because of the conflict, the lessee left the 
village in 1963, before the end of the lease. The villagers then voluntarily repaired the embankment 
and the area under WS rice again increased to 60-65% of the arable area (Table 7.6).  
Table 7.6: Changes in the cropping patterns in Uttar-Kaminibasia (1950 to >2009) 
Period Wet season 
(WS) 
Dry season (DS) to early 
wet season (EWS) 
% of arable 
area 
Rice yield 
(t/ha) 
1950-1955 B. Rice-fish Fallow 60-65 1.0-1.5 
1955-1958 B. Rice-fish Fallow 10-15 1.0-1.5 
1959-1963 B. Rice-fish Shrimp 55-60 1.0-1.5 
1964-1970 B. Rice-fish Fallow 60-65 1.0-1.5 
1972-1979 B. Rice-fish Fallow 70-80 1.5-1.8 
1980-1984 T. Rice-fish Fallow 70-80 1.8-2.0 
1985-1986 T. Rice-fish Shrimp 40-50 2.0-2.4 
T. Rice-fish Fallow 50-60 
1987-1995 T. Rice-fish Shrimp 90-100 2.0-2.4 
1996-2000 T. Rice-fish Shrimp 70-75 1.5-2.0 
Fish Shrimp 25-30 
2001-2008 T. Rice-fish Shrimp 30-40 1.0-1.2 
Fish Shrimp 60-70 
2009-  Rice-fish Shrimp 95-100 3.0-4.0 
 Source: Farmers in the discussion group, 2013; T. rice = Transplanted rice; B. rice = Broadcast rice  
Farmers in the discussion group reported that the then East Pakistan Water and Power Development 
Board (EPWAPDA) divided Dacope into three polders by constructing embankments on the banks 
of all the big rivers during 1965-1970, the objective being to increase farm productivity and protect 
residents from floods and storm surges. Just after the embankment was completed, the villagers fled 
the area to India for about nine months during the Liberation War with Pakistan (March-December, 
1971). On their return to the village in December 1971, people survived by eating the leaves and fruit 
of water lilies because their cultivable land had become heavily infested with weeds. They also lost 
their cattle and suffered damage to their houses. 
 
Farmers indicated that the cultivation of broadcast WS rice commenced again in 1972. The cropping 
system was a form of integrated rice-fish culture as the fingerlings of various indigenous freshwater 
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fish were admitted into paddy fields with the tidal water. The fish were caught in 3-4 rounds during 
the cropping season. WS rice and fish followed by fallow was the cropping pattern adopted on about 
70-80% of arable area during the period 1972-1979 (Table 7.6). Although the yield of the local rice 
variety was low, ranging from 5-6 mound/bigha (1.5-1.8 ton/ha), plenty of fish were harvested from 
the paddy fields, providing a good source of food and farm income. However, most landless and even 
small- and medium-farm households would catch fish from open water, move to other districts for 
off-farm wage employment, and collect wood and honey from the Sundarbans. About 3-5 years after 
the construction of the WAPDA embankment, various grasses were observed to be growing on the 
arable land, probably reflecting a drop in soil salinity. From 1973, a few villagers commenced grazing 
cattle on these pasture areas and eventually most households followed this practice. Households also 
commenced the cultivation of vegetables in their homestead areas.  
According to farmers in the discussion group, the production of transplanted WS rice commenced 
from 1980. During the period 1980-1984, transplanted WS rice and fish followed by fallow was 
adopted over about 70-80% of the arable area. The productivity of LVs of WS rice increased to 6-7 
mound/bigha (1.8-2 ton/ha), due to changes in cultural practices and a decrease in soil salinity 
following the construction of the embankment. After 1980 farmers also tried to cultivate a range of 
other crops, including jute, vegetables, watermelon, pulses, and oilseeds in the DS, but many of the 
crops were adversely affected by the still high level of salinity and could not produce harvestable 
yields. The attempts at increasing cropping intensity and farm productivity were generally not 
successful. Farmers adopted modern varieties (MVs) of WS rice in 1982. The productivity of MVs 
of rice (2-2.4 t/ha) was slightly higher than that of the LVs, without applying chemical fertilizers. The 
extent of adoption of MVs of rice was only 5-7% due to the unavailability of seed. This WS rice, 
along with freshwater fish in the paddy fields, was the only cropping system and the most important 
livelihood option for farm households until 1984 (Table 7.6).  
However, livestock rearing was an integral part of the farming system at this time (pre-1984). Every 
household had a big hut in the homestead area for a large number of ruminant animals (cattle, 
buffaloes, and goats) and poultry, ranging from 6-20 animals and 15-80 birds, respectively. The large 
ruminants were fed by grazing in the pasture land during the DS, from after the harvest of WS rice 
until the commencement of the next year’s WS crop (i.e., mid-December to mid-June). During the 
WS the animals were fed rice straw and grasses cut from the paddy field areas. In addition, some 
households would also feed concentrates to the animals in the form of rice bran and cooked rice. 
However, the productivity of the animals was low and they suffered from foot and mouth and other 
diseases. Despite the low productivity and price of livestock and poultry products (milk, meat, and 
eggs) and by-products, livestock were an important source of food and farm income. Animal dung 
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was an important source of cooking fuel and organic fertilizer for farming. In addition, large 
ruminants (cattle and buffaloes) were the only means of draught power for ploughing arable land and 
transporting goods and people. Livestock and poultry were the most important flexible assets for 
meeting family and farm expenses.  
Farmers stated that homestead gardening was an important sub-sector of farming systems before the 
commencement of shrimp farming in 1985. The homestead area of each household would be planted 
with different indigenous fruit and timber trees. Women would grow vegetables in the homestead 
areas year-round, mainly for family subsistence. Self-produced vegetables and fruit were an important 
source of food, while trees were also a good source of cash.  
Men from landless and small-farm households would migrate seasonally to other districts to take up 
paid labouring opportunities, due to a lack of off-farm employment within the village because of the 
low intensity of land use. In addition, open-water fishing was an important source of food and income. 
Some people would go to the Sundarbans to catch fish and fish fry and to collect honey and timber. 
Overall, the standard of living of the villagers was very low due to low farm productivity and lack of 
employment opportunities. People would often have days when they had to skip some or all their 
meals.  
 
According to one of the key informants, many farmers were strongly opposed to introducing brackish 
water shrimp farming in Uttar Kaminibasia, fearing the adverse consequences of saline water on 
cropping and the village environment. However, some of the large- and medium-farm households 
were in favour. In 1985 two outside businessmen leased 40-50% of the arable area of the village for 
seven years and commenced commercial culture of brackish water shrimp in the dry season, using 
the profuse tidal waters of the Shibsha and Dhaki Rivers. The land owners continued to cultivate WS 
rice after the final round of shrimp harvesting. During 1985-1986, transplanted WS rice and fish 
followed by shrimp was adopted on 40-50% of the area, with the remainder being used for WS rice 
and fish followed by fallow (Table 7.6). After several years, the farmers noted that shrimp farming 
was highly profitable, with gross margins of BDT 40,000-60,000/ha. However, the annual rental for 
the gher areas was low (BDT 3,000-4,000/ha). As the productivity of WS rice had decreased after the 
introduction of shrimp farming, in 1987 farmers in the village commenced shrimp farming on the 
remaining unleased areas. 
The shrimp farm lessees left the village in 1990, one year before the scheduled end of the lease 
agreement. Their departure followed a three-year movement of landowners to take back their land 
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and commence shrimp farming, mostly under the common gher system. In this system, a group of 
farmers would use their adjacent lands as a large shrimp gher (15-25 ha) managed as an informal 
cooperative. The cultural operations for the common gher would be undertaken by daily wage-
workers and there would be a seasonally-employed manager and guard under the supervision of an 
executive group consisting of some of the landholders. Each participating landowner was a 
“shareholder” in the group, though they continued to cultivate their WS rice individually. The 
landowners would pay the costs as needed and receive a return from the shrimp operation in 
proportion to their share of the land, though a portion of the returns would be retained to meet the 
costs of shrimp culture in the following season. Despite a declining WS rice yield, shrimp followed 
by rice-fish farming was profitable, at least for the next 3-4 years (1992-1995). The system created 
scope for additional non-farm work and petty trading, but most family members just took it easy.  
According to the informants, after 1995 individual gher farming began to replace the common gher 
system, because it was considered more profitable. The common gher system had poor management 
and accounting, and conflicts had arisen over who would hold the executive positions. The individual 
gher system proved more efficient, as most cultural operations were carried out by farm-family 
members who were motivated to reap the greatest benefit from their farms. Although some of the 
area (roughly 15-20%) continued operating under the common gher system, after 2000 most of the 
shrimp ghers had become individually-managed ghers. 
 
As widespread shrimp farming continued in the village, problems began to emerge. Farmers reported 
that the low-land gher were being raised due to the accumulation of large amounts of sediment 
following the admission of tidal waters over a long period, resulting in a decline in the depth of the 
gher. This, in turn, had resulted in a sharp decline in the productivity of shrimp culture because of 
increasing virus infestation and hence a decline in the survival rate of post-larval and juvenile 
shrimps. Other researchers have also reported that the diseases had reduced the benefits to shrimp 
farmers over time (Alam et al. 2005). In response, during 1998-2000, the Department of Fisheries 
(DoF) provided training to some farmers on modern shrimp cultural practices and set up some 
demonstrations on technologies developed by the Bangladesh Fisheries Research Institute (BFRI), 
which included: (i) the excavation of trenches across one or two sides of the ghers to ensure adequate 
depth of water; (ii) the use of supplementary feeds and/or chemical fertilizers (urea and TSP) to grow 
phytoplankton for the shrimp; (iii) the use of lime to control the soil reaction (pH) and methanol blue 
and potassium to provide protection against fungal infection.  
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Thereafter, the following changes took place in shrimp farming practices. Most ghers were converted 
to the individual gher system under the direct management of the landowners, instead of the common 
gher system. Hatcheries became the prime source of shrimp post-larvae (PL), replacing the harvesting 
of natural post-larvae in the rivers and estuaries of the Sundarbans, which had been the primary source 
until 2000. Although most farmers did not fully adopt modern methods of shrimp farming 
(recommended depth of trenches, doses of fertilizers, lime, feed, and stocking rate), some had 
commenced to dig trenches and apply lime and fertilizers in the gher. Some also commenced to 
provide supplementary feeds (fish meal, rice bran, and a feed locally known as chira which was made 
from paddy and mustard oilcake) and use pesticides in the shrimp gher. Some farmers also purchased 
pumps in 2002 to discharges water from the ditches for harvesting fish from the rice fields. 
Apart from productivity issues, key informants reported that substantial changes had taken place in 
the village environment as a result of continually admitting tidal saline water over the previous two 
decades, including a decline in local biodiversity (flora and fauna), soil quality, and hydrology. About 
27 indigenous fruit and timber trees3 and even grasses and other weeds in the rice fields had become 
rare within a decade of adopting shrimp cultivation due to rising salinity levels. However, there were 
no changes in the mangrove vegetation (blinding trees and mangrove apples). Other indigenous fruit 
trees (coconut and sapodilla) survived but rarely bore any fruit (Figure 7.3). Karim (2006) reported 
that, in a village in Bagerhat District in Khulna Division, about 60% of the trees died and some trees, 
aquatic plants, and weed species had completely disappeared due to shrimp culture. Farmers also 
reported that about 16 species of freshwater fish became scarce due to increased salinity after the 
introduction of shrimp farming.4 Swapan and Gavin (2011) similarly reported a marked decline in 
freshwater fish due to cultivation of brackish-water shrimp.  
The production of homestead vegetables and the numbers of livestock also declined and the scarcity 
of fresh water for domestic use became acute, particularly in the dry season. Farmers reported that 
numbers of livestock (cattle, buffaloes, and goats) plunged from 10-12 per household to 0-1 per 
household within half a decade of adopting shrimp farming, due to the scarcity of feed. This was 
because the grazing areas were occupied by gher during January to August, and the production of 
rice straw, the main cattle feed, had markedly decreased as the area of rice had declined and farmers 
had shifted to harvesting only rice panicles, having no time for handling and drying rice straw. In 
                                                          
3 Including mango, jackfruit , banana, guava, black berry, star apple, tamarind, date palm, lemon, 
betel nuts, papaya, Indian lilac, red silk-cotton, bamboo, common-bur-flower, and teak.  
4 Including catfish, striped spin eel, tank goby, freshwater shark, climbing perch, giant snakehead, 
spotted snakehead, leaf fish, and Indian carplet. 
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addition, a large number of livestock had died as a result of the super cyclone in 1988. Even the 
number of ducks and geese in the village had also dropped significantly because of the increased 
salinity. The decline in the livestock population was also reported in a study by Karim (2006) as being 
an adverse impact of shrimp culture. 
 
Shrimp farming also had an impact on WS rice. Arable areas were inundated year-round after 
adopting shrimp farming because tidal water would be admitted into the ghers immediately after 
harvesting WS rice. Due to prolonged (20-25 years) inundation, a large quantity of sediment had 
gathered on the bottom of the rice fields. Soil salinity and algal infestation increased substantially, 
hence the yield of WS rice decreased. Other writers reported that prolonged saline water inundation 
depletes soil organic matter, C, Ca, K and Mg (Ali 2006), and inhibits nitrogen fixation and 
mineralization (Islam 2003). A member of the expert panel, a rice farming systems specialist,5 added 
that beneficial arthropods, amphibians, and birds significantly decreased in number because of 
increased salinity, hence pest infestations in WS rice increased. Another member of the expert panel 
– a soil specialist6 from the Bangladesh Rice Research Institute (BRRI) – suggested that the 
productivity of local varieties of WS rice may have declined due to a combination of factors, including 
changes in soil properties (increased salinity, decreased fertility, and trapped marsh gases underneath 
the muddy soil, i.e., CO2 and CH4), late transplanting, increased infestation of rice water-logging 
disease (in which the roots become black) due to prolonged inundation, and zero application of 
pesticides (because they were harmful to fish). Some key informants added that the higher economic 
                                                          
5 Dr Harunur Rashid, Senior Scientific Officer, Rice Farming System Division, BRRI. 
6 Dr Md. Abu Salaque, Chief Scientific Officer, Soil Science Division, BRRI, Gazipur-1701. 
(a) Stress-tolerant freshwater plants grown in the centre of 
Uttar Kaminibasia (Kabir 13/05/2014) 
 
 
(b) Mostly mangrove plants are grown on the outskirts of 
Uttar Kaminibasia (Kabir 13/05/2014) 
Figure 7.3: Vegetation in the homestead areas in Uttar Kaminibasia  
171 
 
rewards and less arduous cultural operations had encouraged some farmers to continue shrimp culture 
year-round, as had happened in the adjacent sub-district of Paikgacha. 
Farmers reported that, after one decade of shrimp farming, the area of WS rice in the village had 
decreased by about 25%, and after two decades it had dropped by more than 70%, mainly because of 
a substantial decline in rice yields. Other studies also identified the decreased area and decline in 
productivity of WS rice as major adverse consequences of brackish-water shrimp cultivation 
(Chowdhury et al. 2011; Hossain et al. 2013; Rahman et al. 2013). As a result, villagers experienced 
a significant decrease in food security (Hossain et al. 2013). 
In response, over a three-year period, 2005-2007, the DAE in collaboration with BRRI set up 
demonstration trials in the village, based on the late transplanting of a suitable and somewhat salinity-
tolerant modern variety of WS rice, BR23. Thereafter, farmers adopted BR23 and from 2006 
commenced to apply chemical fertilizers, after observing the very good yields in the demonstration 
plots. The area under WS rice then increased as farmers were harvesting good yields (2.4-3 t/ha), 
despite late transplanting. 
 
Farmers in the group discussion said that during the period 1998-2008 shrimp culture faced a decline. 
Some farmers were in a dilemma as to whether they should continue shrimp culture as the overall 
farming system had become less rewarding. This was mainly because of the changes in the gher 
environment discussed above, as well as virus infestation. Most small-, medium-, and even large-
farm households had become rice-deficit households with decreased food security, high debts, and 
declining enthusiasm for the prevailing farming system (Hossain et al. 2013). However, a significant 
change in shrimp culture in the village occurred in 2008-9. The local Member of Parliament (MP) 
used his political influence to declare Dacope Upazila free from brackish-water shrimp culture from 
2009, in response to the opposition to shrimp culture of most villagers in the Dacope. This opposition 
was based on the low rice yields, chronic severe viral infestation, the decline in the number of 
livestock, and the loss of homeyard production of fruit and vegetables.  
Although most farmers in Uttar Kaminibasia were still reluctant to abandon shrimp farming, tidal 
water was no longer admitted to the gher. Most of the land was left fallow and dried out. Some of the 
land was used for transplanted DS rice but the seedlings wilted because of the high salinity and 
elevated rice beds caused by siltation. Thereafter, a group of 15-18 farmers decided to violate the 
verbal order from the local MP and admitted brackish tidal water in early April 2009 to recommence 
shrimp culture. The farmers who led the opening of the sluice gate were imprisoned for violating the 
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order but were granted bail after several months. Two NGOs, namely the Bangladesh Environmental 
Lawyers Association (BELA) and Nijera Kari, wrote a petition to the High Court to stop brackish 
water shrimp farming in the two unions of Dacope Upazila (Tildanga and Sutarkhali) that had gone 
against the MP’s directive. The legal issues relating to the petition have been ongoing. However, 
brackish water shrimp culture has continued in the two unions, including in the case-study village. 
Farmers in the group discussion reported that, after the drying out of the land, the infestation of the 
virus in the shrimp fields and of algae in both the rice and shrimp fields markedly decreased, and the 
yield of the modern saline-tolerant rice cultivar, BR23, increased. In response, the Union Council 
made a new provision that the tidal water could be admitted to the shrimp gher a month after 
harvesting the WS rice so that the land would be adequately dried out. In addition, land left fallow in 
the WS would not be given access to tidal water in the DS for shrimp culture. The objective of these 
measures was to increase the level of rice production and rice self-sufficiency in the village. Since 
2009, the area of WS rice has been restored to 90-100% of the arable area, while there has also been 
an improvement in the productivity of both the WS rice-fish and the DS shrimp components of the 
farming system (Table 7.6). The WS rice yield (3.0-4.5 t/ha) was now higher than the five-year 
(2009/10-2013/14) national average for modern cultivars of 2.6 t/ha (BBS 2014b). Farmers also 
commenced to plough their land using two-wheeled tractors, after drying out their rice fields and 
before stocking the shrimp gher. There were no tractors in Uttar Kaminibasia but farmers hired 
tractors for ploughing their land.  
The key informants stated that the increase in rice productivity was due to a combination of factors: 
the adoption of a saline-tolerant modern rice cultivar; changes in the time of crop establishment, with 
transplanting being brought forward by about two weeks; delaying the stocking of shrimp post-larvae 
by nearly a month; regular flushing-out of rice-fields following the final harvest of shrimp through to 
the rice-maturity stage to reduce salinity; and new soil management practices. These latter included 
drying out the fields after harvesting rice and pulverizing the wet soil between the tillering and 
panicle-initiation stages of the rice crop to mix sediment, algae, and alluvium, release trapped gases, 
and increase the ability of the rice plants to take up nutrients. In addition, the application of new 
pesticides (thiamethoxam and chloraniliprole) since 2010 has contributed markedly to increased 
productivity of both rice and fish, as they are very effective against rice pests but do not affect the 
fish in the paddies, hence the fish can be raised for a longer period. Previously farmers harvested 
undersized fish to allow the application of pesticides or refrained from using pesticides so as not to 
harm the fish.  
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After 2009, the number of livestock also slightly increased, partly due to the increased area of WS 
rice, hence increased production of rice straw, and partly due to a reversion to harvesting paddy with 
the straw. The increased availability of pasture areas in adjacent villages that had ceased shrimp 
farming also facilitated livestock rearing. Some NGOs had delivered goats and sheep to the ultra-
poor people as a form of relief for the village, following cyclone Aila in 2009. 
 
 
Rice, aquaculture, homestead gardening, and livestock rearing were the main components of the 
farming system in Uttar Kaminibasia. Brackish water shrimp were cultured during the DS and EWS 
and integrated rice-fish farming occurred in the WS. According to key informants, this the only 
cropping system in Uttar Kaminibasia, occupying almost 100% of the arable area in the village. Over 
60% of households grew winter vegetables and about 40% grew summer vegetables in the homestead 
areas for family subsistence. Most households had fish ponds and some households raised cattle, 
despite the scarcity of feed.  
While rice and shrimp farming dominated, most men from landless, small-fam and medium-farm 
households, migrated seasonally to other districts for transplanting and harvesting DS and WS rice 
and undertaking other livelihood activities. These workers would also take part in the same activities 
in their own village as the WS rice cycle was usually later than in other districts. Some wage workers 
temporarily migrated to urban centres or to India. The rate of labour migration to India was higher 
than to Dhaka because of higher wages in India, the close proximity of some Indian cities, and most 
families had relatives and friends who were citizens of India. Female labour was intensively involved 
in the cultural activities of shrimp farming (digging trenches, pulverization of wet soil both in shrimp 
gher and WS rice fields, and harvesting the shrimp, particularly after the start of the WS rains) and 
in doing maintenance work on the village roads and embankments. Conversely, a few male labourers 
took part in trench excavation or were seasonally employed in the large shrimp gher, but many of 
them were petty traders (selling shrimp fry, shrimp, and white fish) and fishermen. A few men had 
salaried employment with the government and NGOs.  
The major cropping patterns, timing of major operations, and off-farm employment in Uttar 
Kaminibasia are incorporated in the activity calendars in Figure 7.4. Graphs of local climate statistics 
(temperature and precipitation) are also attached to the calendars. Figure 7.5 illustrates the two phases 
of the cropping system.  
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Figure 7.4: Current seasonal agricultural calendar of Uttar Kaminibasia 
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Integrated WS rice-fish farming was an important sub-sector of the farming system, for both 
household food supply and income. Farmers in the discussion group estimated that WS rice was 
planted on 100% of arable land in the village. MVs of rice (BR 11, BR10, and BR 23) were adopted 
on more than 95% of the cultivated area, with the remainder being planted to the local varieties 
Shadamota, Baran and Nonakochi. Among the MVs, BR23 was planted in most of the WS rice area. 
The MVs were cultivated on medium-high land as they had lodging problems in the medium-low 
land, whereas LVs grown on medium-low land had less lodging problems. After harvesting the WS 
rice, arable areas were used for shrimp culture during the DS, through to the time for the next 
transplanting of WS rice. 
Both brackish and freshwater fish, along with crabs, were cultured with WS rice. In the shrimp 
farming season, although a few farmers stocked hatchery fry of some fish (parsia and tilapia) along 
with post-larvae of giant tiger shrimp in the shrimp gher, mostly they simply admitted the wild fry of 
different brackish-water fish and shrimp along with the tidal water. However, the fish were not 
harvested, even in the final round of shrimp harvesting, because they were undersized. The fish were 
moved into the trenches of the gher during land preparation for WS rice. After transplanting the rice 
crop, the fields were always kept full of water in order to protect the rice plants from the potential 
adverse impact of salinity, as well as to maintain a favourable environment for the fish. Hence fresh 
tidal water was regularly admitted into the rice fields during the WS.  
  
(a) Deputy Director, Department of Fisheries (DoF), 
Khulna, vising WS rice fields in Uttar Kaminibasia (taken 
from a DoF video) 
(b) Shrimp gher in Uttar Kaminibasia (Kabir, 
08/05/2013) 
Figure 7.5: Current rice-fish and shrimp farming in Uttar Kaminibasia 
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According to farmers, this integrated rice-fish culture was like a symbiotic process. Naturally-
occurring fish fed on the phytoplankton that grew in the rice fields in response to the application of 
fertilizer for the rice crop, while the rotted vegetation from the rice plants were also were good sources 
of fish feed. In addition, the rice plants provided shade to the fish, so that they were not likely to be 
affected by high temperature during October to mid-November, despite there being less water in the 
rice fields. Conversely, fish faeces were a good source of organic fertilizer for rice, and the movement 
of the fish around the paddy fields helped with aeration and the release of nutrients which were 
accumulated at the bottom of the rice fields. These inferences were consistent with those in research 
publications (Kunda et al. 2008; Ahmed et al. 2014). Fish in the rice fields was this a bonus enterprise 
as the additional costs associated with fish culture were small, while the potential return from 
harvesting the fish was substantial.  
Key informants reported that the yield of WS rice was typically 3.3-3.6 t/ha for the MVs and 2.4-2.7 
t/ha for the LVs. Despite lower productivity, the cultivation of LVs WS rice has continued, as the 
LVs gave a better yield than MVs in the low land. The LVs were relatively more resistant to 
submergence than MVs and were good to eat. However, the yield potential of MVs, particularly 
BR23, was higher than LVs, despite a transplanting delay. The fertilizer requirement for WS was also 
low due to residual nutrients from the shrimp culture as well as in the alluvium that accumulates in 
the rice fields from the tidal water. These findings were consistent with an earlier report (Barmon et 
al. 2006). WS rice in the village area was rarely affected by floods as excess water discharged from 
most rice fields during the ebbing tide, while during periods of drought most rice fields had access to 
fresh tidal water through the sluice gate.  
The productivity of WS rice was said to be affected by a number of factors. (1) Farmers were 
compelled to delay transplanting because of changes in the rainfall pattern (a one month delay in the 
onset of the wet season) and because there was a lack of saline-free plots for rice nurseries before the 
final round of shrimp harvesting. (2) Productivity was also affected by infestations of insects and 
pests in the late-transplanted rice. (3) Excessive rain during the flowering stage caused grain sterility. 
(4) Salinity directly affected rice yield, particularly if the rice plots lacked access to fresh tidal water 
during periods when rainfall was not regular. This was particularly important during the panicle-
initiation and grain-filling stages. This salinity effect was aggravated if the WS-rice plots were not 
washed out properly after harvesting the shrimp, and if the accumulated sediment in the bottom of 
the rice fields was not pulverized. (5) Sometimes there was a lack of proper management of the rice 
crop as current management practices were based on the farmers’ own experience and consultations 
with other farmers and fertilizer dealers due to a lack of access to extension services.  
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As previously explained, the cultivable land used for both aquaculture (shrimp and fish) and 
agriculture (rice) was locally known as gher. Brackish-water shrimp culture in the gher from mid-
February/March to mid-August used saline tidal water. This was followed by integrated rice-fish 
farming as described above, with the rice crop grown between mid-August and mid-January under 
rainfed conditions, but during this period fresh tidal water was regularly admitted into the rice fields 
for flushing out salinity. About 95% of the gher was shallow (0.15-0.33 m) and was used for both 
integrated rice-fish and shrimp farming. There was also a trench on at least one or two sides of the 
gher, ranging in depth from 0.75 to 1.5 m. Shrimp post-larvae were usually stocked in the trenches, 
but juvenile and adult shrimp would move around the shallow surface of the gher for feeding and 
then back to the ditch to take shelter when the shallow surface water became warm. 
The preparation of the gher was considered an important aspect of shrimp farming. Drying the rice 
fields, removing accumulated sediment in the trenches and canal of the gher, and repairing the gher 
to create a favourable environment for shrimp fry, were commonly performed tasks before stocking 
post-larvae in the gher. After harvesting the WS rice, the shallow surface of the gher was sun-dried 
from January to February or mid-March, mainly to help overcome the deterioration of soil quality 
and productivity. The trenches of most gher were also sun-dried during February, after the final round 
of harvesting fish, but a few gher were reserved to keep under-sized fish in the trenches for household 
consumption and/or to allow the fish to mature. Every year some minor repairs were undertaken to 
the ghers (the gher dyke was raised by removing accumulated sediments from the gher trough). Every 
two or three years more major repairs were required as the trenches of the gher and peripheral canals 
became shallower as a result of siltation (Figure 7.6). The excavation of the trenches and peripheral 
canals was essential for ensuring sufficient water to create a congenial environment for the shrimp 
and fish. However, informants said the size and depth of the trenches in the gher of most small- and 
some medium-farm households were inadequate, mainly due to their unwillingness to use scarce land 
for trenches as that part of the trench became unsuitable for WS rice cultivation. In addition, a lack 
of credit for shrimp farmers was also said to be a barrier to the digging of trenches in the gher. Dacope 
Upazilla fisheries officers commented that the inadequate depth of the trenches in the gher was the 
main cause of virus infestation in the shrimp. 
The sun-dried gher were ploughed using tractors after the release of tidal water into the gher. The 
gher were flushed out several times by the tidal water in order to remove potentially infectious 
chemicals of residual fertilizers and pesticides applied to the previous rice crop, together with 
microorganisms in the accumulated sediment. After the application of lime, urea, and TSP, the gher 
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was kept full of water for 7-10 days in order to increase the soil pH and grow phytoplankton on the 
bottom of the gher for the shrimp. Some key informants highlighted that the productivity of 
aquaculture and agriculture was significantly affected if the gher were not ploughed and flushed out 
after sun-drying. However, some farmers did not plough as their gher were not accessible for tractors, 
and some were unable to flush their gher due to poor drainage.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key informants reported that admitting and discharging tidal water in the gher needed to be 
monitored, particularly 2-3 days before and after the full moon and new moon when the sluice gates 
were opened. Bamboo or plastic lining was set up on the outer side of the gher gate and tidal water 
along with wild shrimp post-larvae and fish fry were admitted into the gher through the lining. A net 
(a) Deepening trenches and raising the dike of a shrimp 
gher (Kabir 14/02/2013) 
  
(b) Tidal water is admitted into the gher through a locally 
made gear so that juvenile and shrimp cannot escape from 
the gher, while wild post larvae of fish and shrimp are 
admitted into gher through the gear (Kabir 20/03/2013) 
 
 
(c) Shrimp gher along both sides of the sub-canal that is 
connected with the main canal, allowing the flow of tidal 
saline water into the gher (Kabir 21/05/2014) 
(d) Trap in the gher for harvesting shrimp 
 (Kabir 12/05/2014) 
Figure 7.6: Different stages of shrimp gher in Uttar Kaminibasia 
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was also set on the inner side of the gate so that stored shrimp and fish could not exit from the gher 
during the process of admitting and discharging water (Figure 7.6). The dikes of the gher required 
regular checking so that reserves of shrimp and fish did not exit and animal pests such as crabs and 
water snakes did not enter the gher through holes made by crabs. In addition, at least 2-3 rounds of 
manual pulverization of the soil were needed each season to break up the accumulated sediment (silt 
and debris) on the floor of the gher, so that shrimp could feed on the phytoplankton at the bottom of 
the gher. Both men and women undertook these operations, but hired labour was mostly female on 
account of lower wages.  
Fertilizers and lime were usually applied in the gher. The fertilizer (urea, TSP) was for the growth of 
phytoplankton, while the lime helped maintain a favourable environment for the shrimp. Symptoms 
of potential feed deficiency and/or fungal infection of juvenile shrimp were regularly checked. 
Supplementary feed or fertilizer were applied if the shrimp was not achieving the expected growth, 
and/or if any feed deficiency symptom was noticed in the shrimp. However, the water along with 
reserve shrimp and fish were immediately discharged in the event of any infection being noticed. 
Thereafter, shrimp post-larvae would be re-stocked in the gher, after carrying out procedures to 
recreate a favourable environment.  
 Shrimp harvesting commenced in late-April/early-May, one and half months after first stocking, and 
then multiple catches were made over a four to five month period until mid-August. The traps were 
regularly placed on the floor of the gher for catching shrimp. However, shrimp were mostly caught 
during the three to four nights before and after the full and new moons. A worker usually stayed 
overnight in a small hut near the gher to guard the shrimp during these days.  
The village-level traders purchased the shrimp at the farm gate for sale to the local depot. However, 
a few farmers sold directly to the local depot. The depot owner then sent the shrimp to the district-
level depot (arotdar). The arotdar then sold the shrimp to international merchandisers, locally known 
as “companies for international shipment”.  
Informants highlighted that brackish-water shrimp farming was not only a profitable enterprise but 
also the best DS farming option for Uttar Kaminibasia, due to the suitability of coastal natural 
resources (tidal saline water, natural post-larvae of shrimp and fish, medium-low elevation, and high 
soil salinity). There was no charge for pumping water from rivers into the gher, and supplementary 
feed for the shrimp, together with wild juveniles of different types of shrimp, fish, and crabs were 
transferred into the gher with the tidal water. The shrimp post-larvae grew quickly and were ready to 
harvest within two months of stocking, and it was possible to harvest for 10-15 days per month during 
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the shrimp farming season (4-5 months). Shrimp farming was an important source of cash income for 
farm households, covering large items of family expenditure (children’s education, house 
construction, and purchase of solar plants and motor bikes) and farm expenditure (sprayers, pump, 
and pond excavation). Furthermore, shrimp farming generated off-farm employment opportunities 
both for male and female wage workers, as well as self-employment opportunities for traders at 
different levels. These findings were consistent with those earlier reported by Ahmed et al. (2014). 
According to key informants, shrimp farming was a risky enterprise as the survival rate of hatchery 
post-larvae was low (20-35%), with the probability of virus infestation in the juveniles being very 
high during the summer months due to inadequate tidal water, rising temperatures, and excessive 
precipitation. In addition, the farm-gate price of shrimp was very unstable and mostly driven by local 
traders and international market demand. Some shrimp farmers had got into debt as a result of severe 
virus infestation and price instability. At the same time, the adulteration of shrimp to increase their 
weight by some unscrupulous traders was considered a real threat to the stability of international 
market demand for Bangladeshi shrimp.  
 
In shrimp farming areas, the rearing of livestock was still a great challenge as the production of rice 
straw by most farm households, particularly small and medium farmers, was not sufficient to feed 
livestock throughout the year. Cattle were often moved to neighbouring villages where pasture land 
was available for grazing during the six months of shrimp farming. The cost of taking care of each 
beast (cattle or buffalo) was BDT 100/month, and during this time the owners had no access to cattle 
products (milk) and by-products (manure). Despite these bottlenecks in the rearing of livestock, about 
70% of households reared cattle because they were considered a good source of food and extra farm 
income, a source of by-products such as dried manure for cooking fuel, and a flexible asset to convert 
to cash when needed.  
Although only a few households cultivated vegetables in the homestead areas after the initial 
introduction of shrimp culture in 1987, by 2009 over 60% of households had commenced to cultivate 
winter vegetables and around 40% grew summer vegetables in their homestead areas. This was due 
to a combination of very high prices for vegetables, increased vegetable yields from the adoption of 
modern varieties, and the delay in admitting brackish water for shrimp culture after the Union Council 
introduced regulations relating to farming. Some farming households widened the dikes of their 
homestead fish ponds or excavated new ponds with broader dykes to allow more intensive cultivation 
of vegetables on the dikes, both for home consumption and for sale. 
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Key informants stated that farmers had very poor access to government and non-government 
extension services due to the remoteness of the village. The Department of Agricultural Extension 
(DAE) had some activities (farmer training and demonstrations) in Uttar Kaminibasia up until 2008. 
The Upazila Agricultural Officer agreed with the claim and explained that the on-going technology 
dissemination programmes of DAE were not suitable for shrimp farming locations. The activities of 
the Department of Fisheries (DoF) were limited as well, but some farmers received training in 
aquaculture, particularly shrimp culture, from DoF. The Upazila Fisheries Officer reported that DoF 
did not have any project for the dissemination of brackish water shrimp culture technologies after the 
local MP declared Dacope free from brackish water shrimp culture in 2009. In this respect, farming 
was based on farmers’ own experience and information from fertilizer and insecticide dealers, 
neighbouring farmers, and relatives. Farmers visited each other’s WS rice fields in groups to identify 
problems in the rice crop and formulate solutions. Farmers were advised by fertilizer and insecticide 
dealers on the symptoms to look for to identify production problems. Some farmers had access to 
mass media, such as radio and TV, to get information about natural calamities, while most farmers 
received such information from neighbouring households.  
Farmers in the discussion group indicated that NGOs such as Prodipon, Bangladesh Rural 
Advancement Committee (BRAC), and Association for Social Advancement (ASA) were the main 
sources of agricultural and non-agricultural credit for small and medium farmers and landless 
households, but ultra-poor people were not eligible to receive NGO credit. Some people had an 
aversion to receiving NGO credit due to the rigid reimbursement schedule (weekly instalments from 
the very first week after receiving credit), the loan approval system (it took over a month to sanction 
the credit), and high interest rates. Some people received credit from local moneylenders but the 
interest rate was very high, although there was some flexibility in the reimbursement process. Some 
government organizations like the Ansar-VDP Unnayan Bank of Bangladesh and the Bangladesh 
Rural Development Board (BRDB) provided credit to poor people as well. Large- and medium-farm 
households received credit, particularly for shrimp farming, from such sources. The bank 
reimbursement system was flexible and the rate of interest lower than that of NGOs. However, the 
lengthy bureaucratic process, the undue expectations of some unscrupulous employees, and the lack 
of access of landless households to credit were reported as major drawbacks of the government 
banking system. 
Despite the lack of regular services, farmers in the discussion group mentioned that government and 
non-government organizations had assisted villagers following natural calamities. According to key 
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informants, most people took part in the embankment repair work immediately after super cyclone 
Aila in 2009, before the sanctioning of financial allocations for this purpose by government and non-
government organizations. The embankment repair work was not only actively monitored by the 
Union Council chairman and ward member for the village, but the working hours of all participants 
were recorded. Subsequently, the Union Council paid wages to all the workers, based on their inputs, 
after the embankment repair budget had been approved. A local NGO, Dakhin Bangla Samaj 
Kallayan Sangstha (DBSKS) also distributed cattle, goats, sheep, and fishing nets to the poor 
households affected by Aila. Prodipon, another NGO, provided support of BDT 1,200-3,000, cattle, 
and goats to 83 households who owned less than 0.065 ha of land. In addition, Sushilon, a local NGO, 
employed 132 ultra-poor women for two years from each ward of the Aila-affected Union to 
undertake repairs to roads and embankments and to dig canals, at a daily wage of BDT 100. Another 
NGO, Rupantar, built a village primary school and provided training to the Union Council member 
and chairman to strengthen the capacity of the village court. The NGO, Aldin, provided micro-credit 
for the construction and repair of houses, while BRAC, a national NGO, also constructed roads and 
provided seed for rice in the following season.  
 
Farmers in the discussion group and key informants highlighted that salinity was the crucial 
bottleneck for farming and the livelihoods of the villagers. Soil salinity adversely affected rice 
productivity in those plots with inadequate access to fresh tidal water. Some farmers purchased their 
rice seedlings at high prices from other villages as the germination rate of rice seed in the village was 
low and because of the difficulty of raising seedlings due to a lack of saline-free plots for nurseries. 
Hence some of the small-farm households were not self-sufficient in rice. Also, most farmers did not 
grow vegetables in their homeyards or on pond dikes due to salinity, nor could they culture freshwater 
fish in their homeyard ponds during the DS and EWS due to the intrusion of saline water from the 
shrimp gher. Elevated salinity due to shrimp culture was also a bottleneck to raising livestock and 
growing indigenous trees in the village. The scarcity of fresh water for drinking, cooking, and regular 
household activities (bathing and washing clothes and utensils) was very severe for four months (mid-
February to mid-June) during the DS due to the elevated salinity (Figure 7.7). At the same time, there 
was a lack of off-farm employment opportunities due to the low intensity of land use outside the WS. 
Key informants emphasised that the combination of rising temperatures, the delay in the start of the 
WS, and the erratic rainfall pattern (observations that were consistent with the statistics from the 
Khulna Meteorological Office; see Chapter 9) adversely affected the farming system in the village. 
The severity of virus infestation in the shrimp post-larvae and juveniles had increased due to increased 
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temperature and frequency of heavy rainfall during the EWS, particularly in April and May. The 
mixing of fresh cool rain water with the warm saline gher water not only abruptly decreased the gher 
water temperature but also decreased the soil reaction (pH). Thus, most shrimp post-larvae and 
juveniles died due to the shock of these changes in the gher environment. The productivity of WS 
rice was also believed to be adversely affected because of changes in the rainfall pattern.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
According to farmers in the discussion group, heavy siltation in the main canal (connected with the 
river through the sluice gate) and peripheral canals (which provided a link between the main canal 
and the shrimp gher) obstructed the delivery of adequate tidal water to the shrimp gher. As well, there 
Figure 7.7: Photos depicting some of the crucial farming problems in Uttar Kaminibasia 
(a) Women are carrying fresh water for drinking and 
cooking (Kabir 20/05/2014) 
  
c) Plants of a crop which did not survive due to water stress 
despite the nearby availability of plenty of pond water 
(Kabir 22/05/2014) 
  
(b) Fresh water fish die in the ponds due to intrusion of 
saline water from adjacent shrimp gher despite a wider 
dike (Kabir 20/05/2014) 
(d) A cow grazing on the dike of the gher despite the lack 
of grass on bund (Kabir 29/05/2014) 
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was a rise in the height of most arable areas due to the continual admission of tidal water into the 
shrimp gher and paddy fields over the last three decades. The tidal water could only reach the shrimp 
gher during two days before and after the full moon and new moon (seven to eight days in a month) 
as the tidal flows rose significantly during these periods. However, over 15-20% of gher, located at 
higher elevations, had insufficient flows of tidal water to maintain a suitable environment for shrimp 
culture, particularly during April and May. The mortality rates of shrimp post-larvae, juveniles, and 
even adult shrimps in these higher gher were high due to environmental shocks and/or infestation of 
viruses because of inadequate water. Similarly, regular flows of tidal fresh water were also needed 
for flushing out the WS rice plots to avoid the potential adverse impacts of salinity. The existing 
infrastructure of the village did not facilitate the opening of the sluice gate on a daily basis, 
particularly during the wet season. Residential areas of the village were flooded by tidal water if the 
sluice gate was opened, particularly during the days before and after the full moon and new moon, 
and also because of the low capacity of the main canal.  
Most informants recognized that current water management was causing problems for farming 
activities. First, they mentioned that the delay in admitting tidal water for commencing the shrimp 
season increased the risk of low yields of shrimp. The survival rate of shrimp post-larvae markedly 
decreased for each day delay of first stocking after mid-February, because virus infestation in shrimp 
post-larvae and juveniles was closely associated with the rise in temperature. However, for the 
previous few years, the sluice gate authority had only allowed the admission of tidal water to shrimp 
gher in mid/late-March. Second, the supply of fresh tidal water was insufficient for rice farming in 
some areas of the village, after the imposition of water rationing during the period that the sluice gates 
were open (6-8 days a month during the wet season). The productivity of rice crops in higher land 
(15-20% of the area) was more affected by salinity. In addition, poor drainage was an important cause 
of conflict among the farmers, partly because the water requirements for all the plots were not same 
due to uneven topography, and partly because of an inability to connect some plots with peripheral 
canals. In this respect, when the higher plots needed water, the lower plots might not have required 
water. Hence access to and discharge of tidal water in plots not connected to peripheral canals 
depended entirely on personal relationships with the owners of nearby plots, as the tidal water had to 
enter and exit through adjacent plots.  
Many farmers identified the transportation of goods and people as a crucial problem for their 
livelihoods. The condition of the road network linking the village with the upazila headquarters was 
not even suitable for buses or trucks. The modes of transport used for carrying goods and people were 
rented motorbikes, donkey/horse-carts, and motorised three-wheeled vehicles (nosimon). Motorised 
boats were also widely used for ferrying people and goods from the village to the market in the 
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neighbouring upazila. People went to the upazila market for the purchase of necessary commodities 
and the marketing of farm produce, particularly fish. Farmers also had a problem in accessing good 
quality rice seed. The purity and viability of the seed they purchased was low. Because of the poor 
transportation system, they also had to buy agricultural inputs at higher prices and sell their produce 
(paddy rice, shrimp, and fish) at lower prices than in locations with better road infrastructure.  
As mentioned above, farmers in the discussion group said that most farmers practised farming based 
on own their experience and after consultation with other farmers, relatives, and fertilizer dealers due 
to a lack of access to extension services. It was apparent from the enterprise budgets (presented in 
Chapter 8) that most farmers were not applying appropriate levels of fertilizers and insecticides to the 
rice fields and shrimp ghers, while the lack of provision of supplementary feed for the shrimp in the 
gher may also have reflected a lack of knowledge about modern cultural practices. Despite knowing 
of the high risk of virus infestation in the shrimp because of the shallow depth of the gher ditches, 
most small farmers could not excavate the ditches due to a lack of capital. 
One key informant emphasised that most farmers did not have draught power and none had their own 
tractors (which had to be hired from a neighbouring village). Ploughing was recognized as a very 
important operation, not only for making rice paddies but also for washing out the accumulated salt, 
silt, and debris from the bottom of the gher. However, most farmers transplanted their WS rice crops 
without ploughing as the plots were ploughed before stocking the shrimp post larvae. This then 
adversely affected the productivity of the rice. In addition, some farmers were unable to undertake 
the removal of accumulated salt, silt, and debris from the gher due to inadequate drainage (as 
discussed above) as well as the unsuitability of the plots for the use of tractors due to the high dikes 
of the gher.  
Farmers also reported that a lack of quality post-larvae increased the risk of a low survival rate (which 
ranged from 15 to 20%), and there were no facilities for testing the quality of post-larvae, even at the 
upazila level. It took about a month to know whether the stocked post-larvae had survived. A low 
survival rate of post-larvae from the first stocking considerably increased the probability of a low 
return because of the time lag before remedial action could be taken. Farmers felt a laboratory should 
be established at the upazila level for testing the standard of shrimp post-larvae. 
In addition, farmers complained that the price of shrimp was very unstable and greatly influenced by 
local traders, not only the demand in international markets. As the farm-gate price was neither fixed 
nor monitored by government agencies, they felt they were open to market exploitation. The 
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malpractices of local traders who attempted to increase the weight of shrimp they sold were also seen 
as a great threat to the reputation of Bangladeshi shrimp in international markets.  
The priorities mentioned by farmers were a response to the above problems. Many felt that the main 
canal and peripheral canals serving the arable areas needed to be excavated, while the main village 
road needed to be raised, as too the embankment of the main canal, in order to help mitigate the water 
scarcity problem. In order to help reduce the risk to shrimp farming, the first tidal water should be 
admitted into the shrimp gher by mid-February instead of mid/late-March, as was currently the case, 
so that the first stocking could be carried out before the onset of summer. Infrastructure, particularly 
the transportation system, should be upgraded in order to provide better access to markets for farm 
inputs and outputs. In addition, the relevant government authority should fix and broadcast the shrimp 
price every day through the mass media, while both the quality of shrimp and market rate should be 
monitored in order to control the potential malpractices of unscrupulous traders.  
Farmers also suggested the need for wider availability of “soft loans” for farming, with provision for 
exemption from interest payments in the event of disruption due to natural calamities. Insurance for 
shrimp farmers was also suggested. Locally adapted trees should be planted on the main WAPDA 
embankment, along the main road, and in homestead areas, while vegetable cultivation should be 
encouraged by raising the homestead areas. The width and height of dikes of fish ponds should be 
increased to prevent saline water getting into the ponds. Extension services should be substantially 
increased to help increase farmers’ knowledge of modern technologies relating to both rice and 
shrimp farming. 
 
Uttar Kaminibasia is typical of many of the more marginal coastal villages, lacking easy access to 
markets, education, agricultural extension, and health services due to an undeveloped transportation 
network. Due mainly to high levels of soil salinity and adequate access to tidal saline water in the DS, 
the only cropping system in the village was rice-fish in the WS followed by brackish water shrimp 
production for the rest of the year (DS and EWS). The WS rice crop was the only source of staple 
food, while aquaculture (fish and shrimp) provided both cash income and dietary protein. The farming 
system was frequently affected by stresses such as torrential rain, extreme heat, pests and diseases of 
rice, and shrimp disease. However, the WS rice escaped the adverse effects of salinity due to adequate 
access to fresh tidal water in the monsoon. Besides, some households cultivated vegetables in the 
homeyard and cultured fish in ponds despite the general salinity problem, and managed to rear some 
livestock despite the general lack of feed. In addition to agriculture, off- and non-farm activities were 
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also an important source of livelihood. Both men and women from poorer households undertook 
labouring work in the village, while men migrated seasonally to work on farms in other districts. 
Many were also petty traders and fishermen, and a few had salaried employment. 
The continuous practice of shrimp farming over three decades resulted in changes in the local 
environment including sedimentation in the gher and canals, deterioration in soil quality, salinization 
of soil and water, and loss of local biodiversity. This resulted in a decline in the area and productivity 
of WS rice and declining returns from shrimp culture due to chronic viral disease. Hence most farm 
households became food insecure, incurred financial losses, and became indebted. To address the 
downward spiral of the rice-fish/shrimp system, significant changes were introduced from around 
2009, leading to a restoration of the area and productivity of both the WS rice-fish enterprise and the 
DS shrimp enterprise. This illustrates the importance of adaptive research at the farmer level to 
maintain the sustainability of the farming system 
While rice production was now at a healthy level and shrimp farming continued to be profitable, the 
villagers faced many problems. The profitability of shrimp farming was highly influenced by 
variability in the price, over which farmers had no control. There was a lack of access to quality rice 
seed, shrimp post-larvae, fertilizers, pesticides, and affordable agricultural credit. The scarcity of 
fresh water for drinking, cooking, and other domestic activities was acute for seven months (mid-
February to mid-September) during the shrimp farming season. There was lack of local off-farm 
employment opportunities as the large farmers hired mainly female labour, while small- and medium-
farm households mainly relied on their own labour.  
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ECONOMICS OF RICE-BASED CROPPING SYSTEMS  
IN UTTAR KAMINIBASIA 
 
 
As explained in Chapter 7, the only cropping system in Uttar Kaminibasia was WS rice (with fish) 
followed by shrimp aquaculture. In addition, some households used homestead areas for kitchen 
gardens, mainly in the dry, winter season, while some also reared livestock. Off-farm and non-farm 
activities (wage labour, fishing, and petty trading) also represented important livelihood activities for 
some villagers. The evolution of this farming system to reach its current form was presented in 
Chapter 7. The way farmers have adapted the system in response to adverse shocks and trends is 
indicative of its potential for sustainability. This chapter explores the economic viability of the system 
in more detail through enterprise budgeting and risk analysis of the main components, discriminating 
between small-, medium-, and large-farm households, followed by an integrated assessment of the 
whole-farm system.  
 
Economic analysis of current rice-based farming systems was carried out, based on data provided by 
nine case-study households. In Chapter 7, the farming households were classified into large farm 
(LF), medium farm (MF) and small farm (SF) categories. This was based on net arable areas by using 
household census data. However, for constructing representative farm budgets, the mean size of farm 
was not used; rather, the size of the three farm types was determined based on discussions with key 
informants. LF were assumed to have an area of 4.9 ha, MF to have an area of 2.2 ha, and SF to have 
an area of 0.81 ha. 
Representative farm budgets were constructed the two farm enterprises, WS rice with fish and shrimp 
aquaculture in the DS and EWS. Given that only 10-15% of the farm area was used for planting the 
local variety (LV) of rice in the WS, budgets were constructed based only on the use of modern 
varieties (MV). Stochastic budgets were then constructed for the developed representative enterprise 
budgets, as well as for the whole-year cropping system, using Monte Carlo simulation to evaluate the 
relative riskiness of each farm enterprise for the three farm types, as described in Chapter 6. In 
addition, a whole-farm economic analysis was carried out, similar to that described in Chapter 6.  
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Representative enterprise budgets for modern rice cultivars and fish using 2012 prices were calculated 
for the typical areas of LF, MF, and SF, as well as on a per-hectare basis. The farm budgets were 
modified after validation based on the feedback of the key informants and the expert panel. Table 8.1 
presents the detailed data on inputs used for WS rice/fish, along with sources and methods of 
application. It is apparent that inputs used per farm were considerably higher for LF, followed by MF 
and SF, due to the variation in the net cultivated areas of WS rice among the different farm types.  
Per hectare work-days used for rice-fish farming did not show much variation. However, the 
participation of family and hired labour among the three farm categories differed markedly. LF 
typically depended on hired labour (86%) for carrying out cultural operations, while family labour 
carried out most activities (79%) in SF, with the exception of some of the highly labour-intensive 
operations like planting and harvesting. On the other hand, the participation of female family and 
hired female labour was low (11-28%), with no participation of female family labour in LF (Table 
8.1).  
The majority of farmers raised rice seedlings after purchasing seed from local markets, although a 
few farmers purchased seedlings. In this analysis, the costs of purchased rice seed, tillage of nursery, 
labour used, fertilizers and insecticides applied in the nursery were taken into account as the 
production costs of WS rice because most farmers raised their own seedlings. The rice seed was sown 
in a traditional nursery, without treatment to provide protection against seed-borne diseases. The 
seeding rate was nearly 4-5 times higher than the recommended rate (22-30 kg/ha) (BRKB 2013c) 
due to the low germination rate of rice seed in the salinity-prone environment and the need for more 
seedlings per hill to compensate for seedling loss with late planting. The cost of fish fry was not 
estimated as a cost because most farmers relied on wild fry that entered the arable areas with tidal 
water. 
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Table 8.1: Per farm and per hectare input use for WS rice-fish farming in Uttar Kaminibasia 
Inputs  
Large farm 
(4.9 ha) 
Medium farm 
(2.2 ha) 
Small farm 
(0.8 ha) 
Per farm    
Purchased seed (kg) 544 234 37 
Total labour (work-days)  637 (100) 294 (100) 103 (100) 
Family: Male 87 (14) 112 (38) 58 (56) 
             Female 0 (0) 25 (9) 24 (23) 
Hired: Male 477 (75) 128 (43) 16 (16) 
           Female 73 (11) 29 (10) 5 (5) 
Land preparation/transplanting: Family  19 33  20 
                                                   Hired  185 65  14 
First soil pulverization: Family  0 18 13 
                                      Hired  73 13 0 
Second soil pulverization: Family 0 0 12 
                                           Hired  0 0 0 
Fertilizer/insecticide application: Family 0 18 7 
                                                      Hired  78 13 0 
Harvesting and carrying : Family  0 25 15 
                                          Hired  146 41 7 
Rice threshing and storing: Family  34 16 9 
                                            Hired  146 41 7 
Two rounds of harvesting fish: Family  34 27 6 
                                                  Hired  34 9 0 
Fertilizers (kg) 1361 522 136 
      Basal – TSP 272 145 30 
      First top dressing – Urea 365 167 45 
      Second top dressing – Urea 544 210 61 
                                          MOP 180 0 0 
Insecticides (kg) 1.095 0.501 0.183 
      First dose 0.365 0.167 0.061 
      Second dose 0.365 0.167 0.061 
      Third dose 0.365 0.167 0.061 
Per hectare    
Total labour (work-days) 131 131 127 
Seed (kg) 112 105 112 
Fertilizers (kg) – total  281 234 168 
                         – TSP 56 65 37 
                         – MOP 37 0 0 
                         – Urea 187 169 131 
Pesticides (kg) 0.225 0.225 0.225 
Source: Case studies, 2013. Note: Figures in brackets are percentages of total labour for each farm 
type.  
 
 
191 
None of the farmers applied MOP and gypsum as basal fertilizers before transplanting WS rice due 
to the presence in the fields of residual fertilizer from the previous shrimp crop. Allowing that MOP 
and gypsum were not used, LF applied 67% of the recommended total rate, while the percentage 
decreased to 53% for MF and 47% for SF. According to BRRI (2013), WS rice needs top-dressing 
with urea three times; the farmers top-dressed twice but the total amount of urea applied was close to 
the recommended rate. Moreover, the rate of urea application was higher than that reported in an 
earlier study (Barmon et al. 2006). Key informants mentioned that, despite deposition of alluvium 
with the fresh tidal water in the wet-season rice fields, more urea was applied to strengthen the growth 
of late-transplanted rice to boost yield. As the infestation of insects in the late-transplanted rice is 
high, pesticides like Propiconazole were sprayed in four doses, which was reported to be highly 
effective for insect pest control (e.g., green leafhopper, stem-borer, and rice bug), without affecting 
fish productivity. It was found that LF used more material inputs/ha than MF and SF, this being 
consistent with an earlier report (Ahmed et al. 2010). 
Table 8.2 summarises the costs, production, yield and benefit of WS rice. Per farm total paid-out cost 
(TPC), total imputed cost (TIC), and total cost (TC) varied widely, due mainly to the difference in 
farm size among the three types. However, there was only a slight difference in TC/ha between the 
farm types but greater variation in the contribution of TPC/ha and TUC/ha. The former represented 
67% of TC/ha for LF, decreasing to 50% for MF and 30% for SF due to large variations in the use of 
family supplied and purchased inputs, especially labour. The per-hectare cost of hired labour was 2.4-
3.8 times higher for LF and MF than for SF.  
Figure 8.1 shows that paid-out cost for hired labour represented a large proportion (24-37%) of TC 
for LF and MF, but decreased to 10% of TC for SF, with the imputed cost of family labour showing 
the opposite trend. The TPC of fertilizer and pesticides ranged between 11 and 15% of TC, while the 
imputed cost of land ranged between 24 and 31% of TC for the three farm types. The striking feature 
of rice-fish cultivation were that there was no cost of tillage as most farmers usually transplanted WS 
rice without ploughing, and only LF leased about 15% of the net cultivated area for year-round 
cropping. MF and SF leased land only for the cultivation of WS rice but not for rice-fish cultivation. 
Therefore, only the LF types showed land leasing costs.   
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Table 8.2: Per farm and per hectare costs (BDT), production, and benefits (BDT) of rice-fish 
farming in Uttar Kaminibasia 
Cost, production and benefit 
 
Farm type 
Large  farm  
(4.9 ha) 
Medium farm  
(2.2 ha) 
Small farm  
(0.8 ha) 
Per farm    
Total paid-out cost (TPC) 221,228 72,589 15,686 
           Seed and seedling raising 29,777 12,863 2,323 
           Hired labour 117,367 34,738 5,300 
           Fertilizers 31,750 12,064 3,112 
           Pesticides 14,235 6,513 2,379 
           Power thresher 12,028 5,519 2,005 
           Pump* 2,430 892 567 
           Land lease** 13,641 - - 
Total imputed cost (TIC) 100,231 71,815 32,456 
          Family labour 17,400 28,272 16,908 
          Own land 77,300 41,728 15,156 
          Interest on operating capital 5,531 1,815 392 
Total cost (TC) 226,759 74,404 16,078 
Rice production: Grain (ton) 16.5 8.3 2.8 
                            Straw (ton) 14.1 7.1 2.4 
Fish production (kg) 656 268 73 
Value of grain 288,750 145,250 49,000 
Value of straw 21,150 10,650 3,600 
Value of Fish  164,000 67,000 18,250 
Gross benefit (GB)  473,900 222,900 70,850 
Gross income (GI) 252,672 150,311 55,163 
Net income (NI) 152,441 78,495 22,707 
Per hectare    
TPC 44,989 32,001 20,434 
TIC 20,630 32,080 40,301 
TC 65,619 64,081 60,735 
GB 97,600 99,550 88,250 
GI 52,611 67,549 67,816 
NI 31,981 35,469 27,515 
GI per work-day of family labour 2,904 1,097 673 
Rice yield (t/ha): Worst season 2.5 2.7 2.5 
                            Typical season 3.4 3.7 3.5 
                            Best season 4.0 4.2 3.9 
Fish yield (kg/ha):  Worst season 90 78 69 
                            Typical season 135 120 90 
                            Best season 150 135 105 
Source: Case study, 2013, Note: * Pump used for pumping water from trough for harvesting fish, ** 
LF leased in about 15% of area for WS rice-fish  
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Despite the application of higher doses of fertilizers and pesticides (Table 8.1), LF harvested lower 
yields of WS rice than MF and SF (Table 8.2) due to LF transplanting 1-2 weeks later than the other 
two farm types. This reflected the fact that LF continued shrimp culture for a longer period in order 
to harvest at least one additional round of shrimp. Furthermore, on LF soil pulverization was only 
undertaken once while MF and SF practised pulverisation at least twice. Most key informants 
highlighted that the pulverization of the soil had a large positive impact on rice productivity that 
cannot be compensated for, even by applying higher doses of fertilizers.  
 
Figure 8.1: Relative importance of factor inputs in the per hectare total cost of rice-fish farming in 
Uttar Kaminibasia 
 
The data in Table 8.2 reveal that there was little variation in the NI/ha among the three farm types. 
However, GI/ha for the MF and SF was 1.3 times higher than for LF, which clearly reflected the 
difference in yields and imputed costs. However, despite a lower rice yield, the LF acquired a higher 
NI than the SF due to harvesting more fish, not only because the trenches in the LF rice fields were 
deeper and wider but also because their access to tidal water was better. Most of the LF gher were 
directly connected with the main canal, as a result of which more wild fry entered the gher. 
Irrespective of farm type, fish were highly profitable, contributing 25-35% of GB while incurring 
only 3-5% of TC, as the cost of labour for catching fish and pumps for emptying trenches before 
harvest were the only costs directly related to fish culture.  
Despite the similarity in NI/ha, Table 8.2 shows that the GI/day of family labour for LF was 2.6 times 
higher than for MF and over four times higher than for SF. Nevertheless, the GI/day for SF was even 
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higher than the daily wage rate for labouring work in India (BDT 500/work-day), so presumably well 
above the opportunity cost.  
 
Despite the effect of price volatility on the profitability of WS rice, farmer perceptions focused on 
seasonal variability of rice and fish yield (see last six lines in Table 8.2 above). This was taken into 
account in assessing the impacts of seasonality on economic viability of the rice-fish enterprise, 
assuming current prices (Figure 8.2). Key informants reported that the variability in the yield of rice 
and fish had no influence on the market price. A perusal of Figure 8.2 shows that rice-fish farming 
was economically much more viable in good season. However, farmers did not incur a loss in bad 
seasons, despite applying inputs at the same rates. The low yields in the bad seasons were due to 
salinity during periods of drought, excessive rainfall during the heading stage, and infestation by 
insects. 
 
Figure 8.2: Seasonal variability of NI/ha of rice-fish cultivation in Uttar Kaminibasia by farm type, 
assuming 2012 prices 
 
The representative enterprise budgets presented in Table 8.2 showed that rice-fish farming was 
economically viable at current prices and typical yields. Nonetheless, Figure 8.2 indicates that the 
economic viability varies due to abiotic and biotic stresses affecting yield. Stochastic budgets were 
constructed to evaluate the level of risk associated with this enterprise based on farmers’ perceptions 
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of yield variability (Table 8.2) and prices (Table A.8 in Appendix A). The procedures for risk analysis 
were presented in Chapters 4 and 6. 
Figure 8.3 presents the cumulative probability distribution curves or cumulative distribution functions 
(CDFs) for GI per ha of the rice-fish enterprise. The lower benchmark (BDT 40,300) was the imputed 
cost for SF, but the upper benchmark (BDT 60,000) was selected arbitrarily. The CDFs shows that 
MF and SF had 100% chance of achieving a GI per ha above the lower benchmark, meaning they 
could cover the cost of family-owned resources, including labour. The chance of receiving GI per ha 
above this threshold decreased to 89% for LF due to the TPC/ha of LF being markedly higher than 
that of SF and MF (Table 8.2).  
 
Figure 8.3: Probability distribution of gross income of WS rice-fish in Uttar Kaminibaisa 
Figure 8.4 presents the CDFs for GI per work-day of family labour. The lower benchmark (BDT 500) 
was the daily off-farm wage rate in India during the wet-season, while the upper benchmark (BDT 
1,000) was double the average wage rate in India. The CDFs show that LF had a 100% chance of 
exceeding the upper benchmark, while SF and MF had a 95-100% probability of exceeding the lower 
benchmark. These results indicate that the rice-fish system represented a far better livelihood option 
than labouring, even for SF households. 
Figure 8.5 shows that it was the fluctuation in rice yields that contributed most to the variability of 
GI/ha, accounting for 19-23% of the total variation. The fluctuation in fish yield contributed 6-13%, 
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while fluctuations in prices were less significant. The variability in the GI/ha was higher for MF than 
for LF and SF. The risk analysis confirmed the informants’ observations that the enterprise was 
economically viable at current prices and typical seasonal yields, but climate-related yield variation 
could affect the profitability of the enterprise. Hence the projection of the future impacts of climate-
related stresses is an important component of sustainability analysis. 
  
Figure 8.4: Probability distribution of gross income per work day of family labour of WS rice-fish in 
Uttar Kaminibasia  
 
 
 
Culture of brackish-water black tiger shrimp (Penaeus monodon), locally known as bagda chingri, 
was the only farming activity in Uttar Kaminibasia during the DS (February-April) through to the 
start of the WS (mid-August). Shrimp was the most important cash crop, being cultivated almost 
entirely for commercial purposes. Key informants highlighted that shrimp farming was very 
important for livelihoods (income, employment, and food), as well as being suited to the local 
environment (better access to tidal saline water and medium-high land). For developing representative 
enterprise budgets, the same three farm types were used, using 2012 prices.    
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Figure 8.5: Inputs ranked by effects on gross income (GI/ha) of rice-fish cultivation in Uttar 
Kaminibasia 
 
Table 8.3 presents the detailed data on inputs used for shrimp. The labour-use patterns reflected the 
fact that shrimp farming was a highly labour-intensive enterprise, for which both male and female 
labourers were employed. For the cultural operations of SF and MF, family labour accounted for 76-
95% of the total labour input, but this was only 32% for LF. The family labour of MF and SF carried 
out most of the activities like gher repairs, soil pulverization, water management, guarding and 
harvesting of shrimp. SF sometimes hired labour for deepening the trenches, while MF hired labour 
for deepening trenches, soil pulverization, and sometimes for harvesting shrimp. Hence there were 
marked differences among the farm types in relation to the relative use of family labour and hired 
labour. Without taking into account the seasonally employed male labour of LF, about 88-100% of 
hired daily labour was female, while the representation of family-supplied female labour was about 
15-32% of total family supplied labour of SF and MF.  
The stocking rate was about 25,000-30,000 post-larvae (PL)/ha, based on farmers’ own experience 
rather than recommended rates. This was consistent with the mean stocking rate (24,160 PL/ha) of 
shrimp (bagda) in Bagerhat (Chandra et al. 2013). In addition, wild post-larvae of speckled shrimp 
(Metapenaeus monoceros) and yellow shrimp (Metapenaeus bravicornis, locally known as harina 
and chali respectively, were admitted into the gher with tidal water. The survival rate of hatchery-
bred PL was 15-25%. Although MF had a higher stocking rate, all farm types stocked five times in 
the season. MF and SF fully relied on hatchery-bred PL as natural PL were scarce and expensive. 
However, LF stocked with natural PL at least once per season (Table 8.3).  
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Table 8.3: Per farm and per hectare input use for shrimp culture in Uttar Kaminibasia 
Inputs Large farm      
(4.9 ha) 
Medium farm     
(2.2 ha) 
Small farm     
(0.8 ha) Per farm 
Tillage (no.) 2 2 2 
Shrimp (bagda) post-larvae stocking (no.) 
123,678  
(5 stockings) 
66,900  
(5 stockings) 
21,219  
(5 stockings) 
Total human labour (work-days) 619 (100%) 379 (100%) 142 (100%) 
Family: Male 252 (41%) 247 (65%) 93 (65%) 
             Female - 41 (11%) 43 (30%) 
Hired:   Male 109 (18%) 9 (2%) - 
             Female 258 (42%) 82 (22%) 6 (40%) 
Deepening trench: Family  - 13 12 
                              Hired  121 40 6 
Gher preparation and stocking: Family 19 27 8 
                                                   Hired  - - - 
Applying fertilizer/insecticide: Family - 33 10 
                                                  Hired - - - 
First soil pulverization: Family  - 13 12 
                                      Hired  49 16 - 
Second soil pulverization: Family - 13 10 
                                           Hired 49 13 - 
Water management/monitoring: Family 97 89 32 
                                                    Hired  - - - 
Guarding and harvesting shrimp: Family  136 100 52 
                                                      Hired 73 22 - 
Male seasonal hired labour* 75 0 0 
Fertilizers: (kg) 1,364 471 91 
        Lime 837 244 55 
        Urea 269 133 18 
        TSP 258 94 18 
Pesticides: Potassium (litre) 3.6 0.8 0.3 
                  Methylene Blue (g)   730 312 98 
Per hectare    
       Total human labour (man-days): 187 171 178 
       Shrimp post larvae (no) 25,448 30,000 26,196 
       Fertilizers (kg): 280 212 116 
                        Lime 172 (4 rounds) 110 (5 rounds) 70 (3 rounds) 
                        Urea 55 (4 rounds) 60 (5 rounds) 23 (3 rounds) 
                        TSP 53 (4 rounds) 42 (5 rounds) 23 (3 rounds) 
Source: Case studies, 2013. Note: *Total work-days of seasonal labour were estimated by dividing 
the total wage paid to workers by the local daily wage in the season.  
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None of the farmers applied processed shrimp feeds in the gher as no significant difference was 
noticed in the shrimp yield while the cost of production increased significantly if processed feeds 
were used. Instead, farmers applied urea and TSP to stimulate the production of phytoplankton in the 
gher. In this regard, one of the expert panel members suggested that, in a mixed culture of shrimp and 
fish such as practised in Uttar Kaminibasia, the fish may have eaten most of the applied feed as some 
of the fish were highly omnivorous and could even eat other small fish and shrimp. Lime was applied 
to create a congenial overall environment in the gher (control of soil and water reactions) for the 
shrimp. Two spray applications of potassium and methylene blue were made for the control of soil 
and water contamination and to protect against fungal infection. LF and MF applied fertilizers at 
higher rates than SF (Table 8.3).  
Table 8.4 shows that the TC per ha of shrimp was higher for LF than for SF and MF, due principally 
to differences in the rate of applied fertilizer, which confirms the findings of an earlier study (Ahmed 
et al. 2010). The TPC per ha of LF was 1.8-2.6 times higher than for MF and SF. In contrast, TIC per 
ha of SF was 1.4-1.6 times higher than for MF and LF. The TPC of LF represented about 57% of TC, 
while the TIC of SF represented 75% of TC, mainly reflecting large differences in the use of family 
and hired labour among three farm types. In particular, the paid-out cost of hired labour for LF was 
25% of TC, decreasing to only 1-7% of TC for SF and MF. Conversely, the imputed cost of family 
labour and land for SF and MF ranged from 59 to 70% of TC, but was only 35% of TC for LF. Lease 
costs accounted for about 5% of TC for LF, as about 20% of the shrimp farming area of LF was 
leased-in land, but the other farm categories usually did not lease land due to the high rental (Figure 
8.6). It can be noted that labour, land, and shrimp PL were the major inputs for shrimp. Feroz et al. 
(2013) also reported that these three inputs were the major cost items of shrimp culture.  
Typical per hectare yield of shrimp was slightly higher for LF (233 kg/ha) than for MF (214 kg/ha) 
and SF (190 kg/ha), consistent with an earlier study (Ahmed et al. 2010). This can be explained by 
LF not only applying more fertilizers but having better access to tidal water and deeper and wider 
troughs in the gher. Total shrimp yield (including bagda, harina and chali) was about 300 kg/ha in 
the study village, which was below the national average yield of 750 kg/ha in 2012-2013 (BBS 
2014a). Bagda yield (190-220 kg/ha) in the study village was significantly below that reported for an 
on-farm trial (640-1,180 kg/ha) in Khulna (CSISA 2014) and the mean yield of 430 kg/ha in three 
villages in Assasuni Upazila of Satkhira District. But the shrimp in those villages were cultivated year 
round (Feroz et al. 2013) whereas in the case-study village, rice-fish was cultivated after shrimp. The 
study village yield was also lower than the mean yield (350 kg/ha) in six Upazila of Bagerhat District, 
but the farmers in those areas applied artificial feeds (cooked rice, fishmeal, oil cake, rice brain, bitten 
 
 
200 
rice, snail, and mussel (Chandra et al. 2013), while no feed was applied in the case study village. 
Among the harvested three shrimp types, the contribution of bagda to GB was about 80%.  
 
Table 8.4: Per farm and per hectare costs (BDT), production (kg) and benefits (BDT) of shrimp 
farming in Uttar Kaminibasia 
Costs and benefits 
Large farm   
(4.9 ha) 
Medium farm 
(2.2 ha) 
Small farm  
(0.8 ha) 
Per farm:    
Total paid-out costs (TPC) 274,779 71,648 17,780 
Tractor tillage  12,004 5,508 2,001 
Shrimp post-larvae  76,390 33,450 10,610 
Hired labour  120,980 14,920 960 
Fertilizers  23,544 9,897 1,624 
Pesticides  9,848 3,701 1,190 
Land lease*  21,826 - - 
Fishing gear 10,187 4,172 1,395 
Total imputed costs (TIC) 208,286 134,860 53,621 
Family labour  50,400 55,960 25,480 
Own land  123,677 66,763 24,250 
Excavating gher ditches 24,300 9,478 3,240 
Interest on operating capital 9,909 2,659 651 
Total cost  483,065 206,508 71,401 
Shrimp production (kg): bagda 1,132 477 154 
                                        Harina 330 134 45 
                                        Chali 194 80 32 
Value of shrimp:             bagda  509,400 214,650 69,300 
                                        Harina 85,800 34,840 11,700 
                                        Chali 34,920 14,400 5,760 
Gross benefit (GB) 630,120 263,890 86,760 
Gross income (GI) 355,341 192,242 68,980 
Net income (NI) 147,055 57,382 15,359 
GI per day of family labour  1,410 667 507 
Per hectare: TPC 55,987 31,235 21,836 
                      TIC 42,826 60,555 66,552 
                      TC 98,813 91,790 88,388 
                      GB 129,730 118,380 107,260 
                      GI  73,743 87,145 85,424 
                      NI  30,917 26,590 18,872 
Bagda yield (kg/ha): Bad season 140 120 90 
                                  Typical season 233 214 190 
                                  Best season 265 250 225 
Harina yield (kg/ha): Typical season 68 60 56 
Chali shrimp yield (kg): Typical season 40 36 40 
Source: Case studies, 2013.  
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Figure 8.6:  Relative importance of factor inputs in total per hectare cost of shrimp farming in Uttar 
Kaminibasia  
Despite harvesting higher shrimp yield, the GI per ha for the LF was 16-18% lower than for SF and 
MF, mainly because the per-hectare TPC of the LF was higher than for SF and MF. However, the NI 
per ha for LF and MF was 1.4-1.6 times higher than for SF, this being a reflection of differences in 
shrimp yield (Table 8.4). These results are consistent with those reported in an earlier article (Ahmed 
et al. 2010) that LF have higher yield and NI. Nevertheless, the differences in the study village were 
not great. 
 
A sensitivity analysis of the NI from shrimp was calculated based on a worst seasonal yield and low 
price, best seasonal yield and high price, and typical seasonal yield and average price, because key 
informants reported a positive relationship between yield and price, i.e., the price of shrimp rises with 
the size of shrimp, which increases with yield, and vice versa (Table 8.4 and A.8 in Appendix A).  
Figure 8.7 shows that the NI of shrimp was significantly higher with best seasonal yield and price, as 
the yield for the three farm types increased by 14-18% and the price by about 44% in the best season 
relative to an average season. Conversely, farmers incurred a negative NI in response to worst 
seasonal yield and price, as the yield of the three farm types decreased by 40-53%, while the price 
declined by about 11%, relative to an average year. It is clear that shrimp farming was a highly 
rewarding farm enterprise in the best or average years, but the possibility of incurring losses was 
mainly related to extreme seasonal conditions (excessive rain, heat, drought, and shrimp viral 
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disease), which impacted adversely on both the yield and the grade of shrimp, hence the price. The 
economic performance (NI/ha) of shrimp was somewhat better for LF than for MF and SF. Key 
informants mentioned that LF had more than one gher and not all the gher were affected by adverse 
conditions at the same time due to contrasts in the physical condition (access to tidal water and depth 
of ditches) of the gher, as well as different post-larvae being used for different gher. Conversely, SF 
usually has only one gher and thus were exposed to a higher risk. 
 
Figure 8.7: Seasonal variability of per hectare net income of shrimp in Uttar Kaminibasia 
The stochastic budget for shrimp was constructed based on farmers’ perceived variability in yield and 
price (see Table 8.4 and Table A.8 in Appendix A). In this analysis, different levels of worst, typical, 
and best seasonal yield of Bagda shrimp were considered for the three farm types, as substantial 
differences prevailed, even in the same season, among the three types, but the same variability in 
price was taken into account for all farm types.  
Figure 8.8 presents the CDF of GI/ha for shrimp. The lower benchmark (BDT 66,500) was the TIC/ha 
of SF, while the upper benchmark (BDT 80,000) was selected randomly. The results show that LF 
had a 19% chance of falling below the lower benchmark, compared with 10% for MF and 13% for 
SF, mainly to the higher paid-out cost per/ha for LF. However, LF were at no risk of falling below 
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their own figure for TIC, which was lower than for SF. Thus the CDFs for NI/ha indicate that SF had 
a 15% likelihood of incurring a negative NI/ha, decreasing to 0-4% for MF and LF (Figure 8.9).  
 
Figure 8.8: Probability distribution of gross income per ha of shrimp farming in Uttar Kaminibaisa 
 
Figure 8.9:  Probability distribution of net income per ha of shrimp farming in Uttar Kaminibaisa 
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Figure 8.10 presents the CDFs of GI/day. The lower benchmark (BDT 250) was the local off-farm 
wage rate in the DS, while the upper benchmark (BDT 750) was double the urban wage rate. The 
CDFs show the superiority of LF operations over MF and SF on this criterion, justifying their greater 
expenditure on hired labour. However, none of the farm types risked falling below the lower 
benchmark, confirming that shrimp farming was a much better livelihood option than labouring.  
Figure 8.11 shows that the fluctuations of shrimp (bagda) yield contributed 45-49% of the variability 
in the GI/ha of shrimp farming, with the fluctuation in the shrimp price contributing 28-37%. This is 
consistent with the perception of the key informants that weather and market variability had 
significant effects on the profitability of shrimp farming. 
Overall, the findings of risk analysis confirmed that shrimp farming was a highly rewarding farm 
enterprise but that the risks associated with the enterprise were considerable, especially for SF, which 
was consistent with the perceptions of key informants.  
 
Figure 8.10: Probability distribution of gross income per work-day from shrimp farming in Uttar 
Kaminibaisa 
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Figure 8.11: Inputs ranked by effects on gross income of shrimp cultivation Uttar Kaminibasia 
 
The cultivation of transplanted Aman rice along with fish in the wet season, followed by shrimp 
culture in the dry season until the next transplanting of WS rice, constituted a unique cropping system 
which was the only system practised in Uttar Kaminibasia. Figure 8.12 shows the economic costs and 
returns of the entire system by farm type on a per-hectare basis. The shrimp component was somewhat 
more important than the rice/fish component for all three types, accounting for 56-58% of TC/ha and 
49-55% of GI/ha (Figure 8.12).  
Though harvesting a lower yield of both fish and shrimp, SF obtained a GI/ha that was 1.2 times that 
of LF. This was principally a reflection of differences in the use of family-supplied resources, as the 
TIC/ha of SF was 1.7 times higher than for LF, largely due to the use of mostly family labour by SF 
and mostly hired labour by LF. Hence the NI/ha of LF was 1.4 times higher than for SF. This 
difference is even clearer when comparing the GI/day of family labour, which was 8-9 times the local 
daily wage rate (BDT 200-250) for LF, decreasing to 4 times for MF, and 2 times for SF.  
On the basis of these figures, it can be concluded that the cropping system as a whole was profitable 
for all three farm types in terms of the returns to family-owned resources (GI), whether expressed on 
a per-hectare or a per-workday basis, at average or typical seasonal yields and prices, though the scale 
of operations meant that LF earned much higher total net returns than MF and SF. Beyond these 
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indicators, it should be emphasised that the system also provided the security of producing all or a 
good part of the family’s staple food supply.  
 
Figure 8.12: Costs and returns of the rice/fish-shrimp cropping system in Uttar Kaminibasia 
The variability around these typical performance figures is depicted in Figures 8.13, 8.14, and 8.15. 
The first figure shows the probability distribution GI/ha for the cropping system. The lower 
benchmark (BDT 100,800) was the typical TIC for the SF but the upper benchmark (BDT 130,000) 
was arbitrary. Consistent with the above ranking of farm types based on GI/ha, the CDF for LF was 
everywhere to the left of the SF and MF, which were closely similar. The LF had a 10% risk of falling 
below the lower benchmark. However, as LF had much lower TIC than SF and MF, because they 
used less family labour, there was zero risk of not meeting their own imputed costs.  
This is made clear in the second figure (Figure 8.14), which compares the CDFs for NI/ha. In this 
case it is the CDF for the SF that lies to the left of the other two. However, none of the farm types 
risked incurring a negative NI/ha. The striking feature of the risk analysis is that, although the shrimp 
enterprise on its own incurred a small risk of a negative NI/ha, none of the farm types risked a negative 
NI/ha from the entire cropping system. This presumably reflected the more stable contribution of the 
WS rice-fish enterprise to the system.  
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Figure 8.13: Probability distribution of gross income per ha of the rice/fish-shrimp cropping system 
 
Figure 8.14: Probability distribution of net income per ha of the rice/fish-shrimp cropping system 
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Figure 8.15 presents the CDFs for GI per work-day of family labour. The lower benchmark (BDT 
400) was the urban daily wage rate. In this case the CDF for LF was far to the right of the other two 
farm types, showing a large return to a small input of family labour. However, the SF and MF had 
close to 100% chance of receiving between BDT 400 and BDT 1,000 per day, above the urban wage 
and well above the rural wage. Though the different farm types used resources differently, the LF 
households relying more on purchased inputs than the SF households, the findings confirmed the 
results of the representative enterprise budgets that the cropping system was economically viable for 
all farm types at current prices and typical seasonal yields, and the level of risk associated with the 
entire cropping system was relatively low.  
 
Figure 8.15: Probability distribution of GI/day of the rice/fish-shrimp cropping system 
 
Figure 8.16 shows that the yield fluctuation of shrimp contributed 37-44% of the total variation in 
GI/ha, with the fluctuation in the shrimp price contributing 27-31%. Thus the shrimp enterprise 
contributed 64-70% of the total variability of the cropping system, consistent with farmers’ 
perceptions that weather and market variability impacted the profitability of shrimp farming. 
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Figure 8.16: Inputs ranked by effects on gross income per ha of the rice/fish-shrimp cropping system 
 
 
As with Shaheberabad, the household survey in Uttar Kaminibasia revealed that both male and female 
household members took part in a range of off- and non-farm livelihood activities besides own-
account farming. There were clear differences between farm types in the participation of family 
members in these activities because of differences in farm size, human capital, and financial resources 
(Figure 8.17).  
Members of LF households did not report engaging in off- or non-farm wage work, whether within 
or beyond the village, but in SF households the overwhelming majority of male members (73%) and 
female members (57%) worked for wages in the village, decreasing to only 16% of males and no 
females in MF households. For the whole sample, 55% of all households (i.e., including landless 
households) and 48% of farm households had male members engaged on off-farm or non-farm work 
within the village, while 41% of all households and 32% of farm households had female members 
engaged on the same kinds of work (Figure 8.17). 
Only men migrated outside the village at times when opportunities for wage employment within the 
village were scarce. Of the total sample, 48% of households had one or more male members who 
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temporarily migrated to other districts for labouring work during slack periods for employment at 
home. This proportion was 100% of landless households, 62% of SF households, and 11% of MF 
households. No LF households had migrant workers. Altogether, 40% of all farm households took 
part in this activity (Figure 8.17).     
 
 
Figure 8.17: Gender wise participations of households in off/non-farm activities in Uttar Kaminibasia 
Self-employment activities were also important in Uttar Kaminibasia. The main such activities 
undertaken by men were petty business, seasonal business, open-water fishing, collecting wild post-
larvae of shrimp, transporting people by motor bike, motorised van and push van, carpentering, and 
barbering. Women mainly participated in the fishing and collecting post-larvae, tailoring, and petty 
businesses. Nearly three-quarters (73%) of farm households had men involved in self-employment 
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activities and 71% of all households in the village. The participation rate was highest for SF 
households (84%), decreasing to 63% for MF households and 43% for LF households, and was 60% 
for landless households. Half (49%) of all households had women engaged in self-employment, and 
only 43% of farm households. The participation of women from landless households in self-
employment activities (90%) was higher than that of men (60%) from the same households (Figure 
8.17).  
The results indicate that the participation by household members in off- and non-farm wage work 
was negatively correlated with farm size. Conversely, the participation in salaried jobs was positively 
related to farm size, with 5% of SF households, 21% of MF households, and 43% of LF households 
having family members engaged in salaried employment (Figure 8.17). 
 
Figure 8.18: Season-wise off/non-farm income of farm households in Uttar Kaminibasia 
Above Figure 8.18 presents the season-wise off- and non-farm income of farm households in Uttar 
Kaminibasia. The year was divided into four seasons, the wet season, the post wet season, and shrimp 
farming, which covered two periods. The livelihood activities were characterised as wage work at the 
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village level, temporary migration, self-employment activities, and salaried employment. It was 
found that non-farm self-employment activities made the highest contribution to household income 
through the year, which was consistent with the rate of participation of household members in the 
activities shown in above Figure 8.17. The income from this source was highest during mid-May to 
mid-August, which was the peak season for harvesting shrimp, so many villagers were involved in 
the shrimp trade. In addition, both salaries and wages for work within and outside the village made 
notable contributions throughout the four periods, while temporary migration appeared to be less 
important than in Shaheberabad. This may have reflected the fact that it only men migrated for short 
periods as intensive monitoring was required for shrimp farming and because of the availability of 
non-farm self-employment in this and surrounding villages for all classes of household.   
 
In this section, the analysis moves to an assessment of whole-farm income (including all crop, 
aquaculture, livestock, and homestead-based farm activities) and household income (adding in off- 
and non-farm sources) based on the household survey in Uttar Kaminibasia. Table 8.5 summarises 
the average farm costs and returns for the three farm household types. As expected, the contrast in 
gross farm revenue among the three types was marked, reflecting the significant difference in land 
and other resources between them. In this case, LF also had significantly higher gross farm revenue 
per hectare, reflecting the higher productivity and greater contribution of the shrimp enterprise to LF 
income. It can be seen that shrimp contributed the most to gross revenue, followed by WS rice/fish, 
for all three farm types. Shrimp contributed a remarkably constant 43-54% of gross farm revenue 
across the three types. Homestead cropping, pond fish and livestock each made much smaller 
contributions. Total paid-out costs (TPC) also varied markedly across the three size classes, reflecting 
the greater resources of the larger farm types. In contrast with the Shaheberabad case, TPC per hectare 
decreased with decreasing farm size, reflecting the high level of paid-out costs for the LF shrimp 
operations, involving hired labour, higher input levels, and even leasing in of land. In contrast, SF 
households made greater use of family labour than LF households. Hence the differences in gross 
farm income (total gross farm revenue less total paid-out costs) – a measure of the returns to family-
owned resources – were consistent with the differences in farm size. Nevertheless, SF had 10% higher 
gross farm income per hectare than LF.  
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Table 8.5: Average whole-farm costs and returns of different farm types in Uttar Kaminibasia 
Costs and returns Large farm 
(4.6 ha) 
(n=7) 
Medium farm 
(1.7 ha) 
(n=19) 
Small farm 
(0.6 ha) 
(n=37) 
All farms 
(1.4 ha) 
(n=63) 
Gross farm revenue 1,001,544 350,825 146,844 303,244 
GFR per ha 331,637 229,297 266,989 273,193 
  Wet-season rice 313,396 115,714 47,250 97,470 
  Fish 125,429 46,242 17,027 37,883 
  Shrimp 537,143 167,947 63,649 147,714 
  Homestead and dike crops 4,077 6,553 6,871 6,465 
  Pond fish  9,357 4,879 4,940 5,328 
  Livestock 12,143 9,489 7,107 8,385 
Total paid-out costs 414,949 100,982 28,048 73,636 
  Wet-season rice-fish 185,844 53,875 12,633 35,979 
  Shrimp 221,374 41,836 11,446 32,689 
  Homestead and dike crops 1,142 1,638 1,374 1,616 
  Pond fish  2,339 976 889 1,076 
  Livestock 4,250 2,657 1,706 2,275 
Gross farm income 586,595 249,843 118,796 229,608 
GFI per ha 194,237 163,296 215,993 206,854 
Source: Household survey, 2014 
Table 8.6 shows total household income, combining whole-farm income and the major off- and non-
farm livelihood activities for the different farm types. As expected, there was substantial variation in 
household income, farm income, and off- and non-farm income. However, the differences in 
household income were not as great as the differences in farm size and farm income. LF households 
had 7.7 times as much land on average as SF households, but only 3.1 times as much household 
income. This was because SF households made up for their more limited capacity to generate income 
from farming by relying more on other livelihood activities. While on average 64% of household 
income was derived from agriculture, this was higher for LF households (77%) and MF households 
(70%) than for SF households (48%). LF households had no participation in wage work but received 
a substantial income from salaried employment. MF and SF households, on the other hand, relied 
mainly on non-farm self-employment and wage work, including some seasonal wage migration.  
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Table 8.6: Household income of different household types in Uttar Kaminibasia 
Income Large farm 
(4.6 ha) 
(n=7) 
Med. farm 
(1.7 ha) 
(n=19) 
Small farm 
(0.6 ha) 
(n=37) 
All farms 
(1.4 ha) 
(n=63) 
Gross farm income (GI) (A): 586,596 249,843 118,796 229,608 
  Wet-season rice-fish 252,980 108,082 51,644 99,373 
  Shrimp 315,769 126,112 52,203 115,026 
  Homestead and dike crops 2,936 4,914 5,497 4,848 
  Pond fish  7,018 3,903 4,051 4,252 
  Livestock 7,893 6,832 5,401 6,110 
Off/non-farm income (B):  185,143 107,763 127,894 128,184 
  Off/non-farm wage work - 4,316 47,471 29,181 
  Temporary migration - 789 14,059 8,495 
  Non-farm self-employment 71,857 65,921 46,905 55,412 
  Salary 101,143 36,737 19,459 33,746 
Household income (A+B): 759,596 357,606 246,690 356,443 
Farm income % 77 70 48 64 
Source: Household survey, 2014 
Given the importance of farm wage employment, whether as a paid-out cost to LF households or a 
source of income to SF and landless households, it is important to examine the farming labour profile 
of the three farm types (Figure 8.19). Shrimp farming on LF and SF generated opportunities for wage 
workers in January and May-July, mainly for women (who were also employed in October for 
weeding the paddy fields). Men mainly gained wage employment during the four months of 
September, November, December, and January, transplanting and harvesting WS rice. The net result 
was that, for 7-8 months of the year, men from SF and landless households migrated temporarily to 
take up work opportunities in other districts and in urban centres.  
Figure 8.20 shows the relative contributions of the different sources of household income. As noted 
above, the shrimp enterprise made the greatest contribution to farm income. Shrimp also made the 
greatest contribution to total household income, averaging 32%. This was followed by WS rice and 
fish, which averaged 28%. However, non-farm self-employment and (for SF households) off- and 
non-farm wage income made a significant contribution to household income, averaging 16% and 25% 
respectively. For SF households, wage employment and self-employment overwhelmed shrimp and 
rice farming, though much of this income was related to the major farming activities in the village. 
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Figure 8.19: Seasonal labour use calendar for large, medium and small farms in Uttar Kaminibasia 
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Figure 8.20: Contribution of farm and non-farm activities to income in Uttar Kaminibasia 
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have reversed some of these adverse trends – the adoption of a saline-tolerant WS rice variety, use of 
pesticides that do not harm the fish in the rice paddies, sun-drying the shrimp gher, excavating and 
deepening the trenches in the gher, application of fertilizer and lime, soil pulverization, changes in 
the time of stocking shrimp post-larvae and planting WS rice, and close monitoring of the fields to 
enable timely interventions. Further studies are warranted to assess potential future consequences of 
brackish water shrimp farming on the sustainability of farming systems and livelihoods. However, 
the experience of Uttar Kaminibasia is an encouraging indicator that this farming system may not 
only be economically viable but more sustainable than previously thought   
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HOUSEHOLD PERCEPTIONS OF AND ADAPTATION TO  
CHANGES IN CLIMATE AND SALINITY 
 
 
This chapter presents an analysis of the farm-level adaption dynamics, using qualitative household-
level data from Shaheberabad and Uttar Kaminibaisa. First, the analysis presents the measured trends 
and anomalies in both rainfall and temperature means and extremes for the period 1948 to 2013. The 
chapter then presents farmers’ perceptions about changes in the climate and environment, of the 
driving forces behind environmental changes, and of the major farming risks that have had the most 
effect on the productivity and profitability of farm enterprises. The analysis then moves to the major 
immediate adaptation strategies undertaken by the farm households to cope with the shock of extreme 
weather events, as well as the long-term strategies that have been adopted to increase their adaptive 
capacity and/or mitigate the risk of damage. The chapter then analyses the adjustments farmers have 
already made in their cropping systems, the drivers or advantages of each adaptive measure, and the 
factors that have facilitated or impeded their adoption. Finally, the chapter presents the perceptions 
of respondents about the expected impact of perceived changes in the climate and environment on 
farming (e.g., yield and area) and other livelihood activities over the next 15-20 years, and their 
expectations about policy measures needed to minimise these impacts.           
 
The Statistical and Regional Dynamical Downscaling of Extremes (STARDEX) software package 
(Hayloc and Goodness 2004) was applied by Dr Steven Crimp of CSIRO to long-term (1948-2013) 
climate data obtained by the author from the Khulna Climate Station of the Bangladesh 
Meteorological Department. Dr Crimp ran the STARDEX model to detect trends in both rainfall and 
temperature means and extremes for this 66-year period. Trends and anomalies were calculated for 
the period 1960 to 1990 and used to test farmers’ perceptions of recent changes in climatic conditions. 
The statistical significance of each climatic trend was tested using the Kendall τ test. This analysis 
was based on trends with p < .05.  In total, 118 temperature and rainfall trends were identified across 
seasons (December to February (DJF), March to May (MAM), June to August (JJA) and September 
to November (SON) and within annual time frames. The resulting analyses of the climate record are 
summarised in Table 9.1.  
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Table 9.1: Linear trend of each climate index for each season for the Khulna Climate Station. All 
trends included in the table are significant at or above the 95% level (base years 1960-1990) 
Variables DJF MAM JJA SON ANN 
Mean maximum temperature -0.021  0.021 0.015  
Mean minimum temperature -0.017  0.005   
Mean of mean temperature -0.019  0.013 0.009  
Mean diurnal temperature range   0.016 0.013  
10th percentile diurnal temperature range   0.013 0.013 0.015 
90th percentile diurnal temperature range   0.014   
Maximum temperature 10th percentile -0.034  0.017 0.015 -0.009 
Maximum temperature 90th percentile -0.026  0.023 0.017  
Minimum temperature 10th percentile -0.025  0.006  -0.017 
Minimum temperature 90th percentile     0.004 
Mean climatological precipitation (mm/day) 0.007  0.039  0.026 
20th percentile of rainday amounts (mm/day)   -0.031 -0.049 -0.026 
40th percentile of rainday amounts (mm/day)   -0.055 -0.059 -0.044 
50th percentile of rainday amounts (mm/day)   -0.060 -0.068 -0.059 
60th percentile of rainday amounts (mm/day)   -0.064  -0.061 
90th percentile of rainday amounts (mm/day)   0.017   
Fraction of precipitation above annual 20th percentile  -0.001 0.001  0.001 
Fraction of precipitation above annual 40th percentile    0.001 0.001 
Fraction of precipitation above annual 50th percentile    0.001 0.001 
Fraction of precipitation above annual 80th percentile  -0.003    
No. of days precipitation >= 10mm  0.057  0.079 0.211 
Greatest 3-day total rainfall 0.21   1.216  
Greatest 5-day total rainfall 0.278   1.589  
Greatest 10-day total rainfall 0.389   1.857  
Simple daily intensity (rain per rainday) -0.122 -0.043   -0.069 
Seasons: DJF = Dec-Feb; MAM = Mar-May; JJA = Jun-Aug; SON = Sep-Nov; ANN = Annual 
The results clearly show a strong warming trend overall but not across all seasons, and a decline in 
rainfall, although again not across all seasons, and some increases in large rainfall events. The 
evidence of increases in both the mean diurnal temperature range and extreme diurnal temperature 
range indicates that the rate of warming, as reflected in maximum temperatures, is more pronounced 
than for minimum temperatures. While rainfall events have exhibited a general drying trend, the 
STARDEX analysis shows an increasing trend in heavy rainfall events (i.e. rainfall fractions above 
40th and 50th percentiles, as well as 3, 5 and 10-day totals) particularly across the September to 
November period.  
Figure 9.1 shows that mean temperature has significantly increased by about 1.25 °C during the wet 
(JJA) period, and by about 1°C during the post-wet (SON) period, while during the winter months 
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(DJF) the mean temperature has decreased by about 1.5 °C. Figure 9.2 shows that the proportion of 
days with temperatures above the long-term 90th percentile for last 65 years (1948-2013) has 
significantly increased. At the beginning of the record period, approximately 3-5% of days each year 
had maximum temperatures at or above the long-term 90th percentile. By 2013, 17-22% of days were 
at or exceeded this threshold. However, during the December to February period, this trend is 
reversed, with 15% of days exceeding the threshold at the beginning of the analysis period, dropping 
to approximately 3% by 2013. 
 
Figure 9.1: Time series trends of maximum temperature of:  (a) December to February (DJF), (b) 
June to August (JJA) and (c) September to November (SON) for Khulna. All linear trends are 
significant at p < .05. 
 
 
Figure 9.2: Time series trends of proportion of days the maximum temperatures for Khulna above 
the long-term 90th percentile (values expressed as a proportion) a) annual. b) JJA, c) SON and d) 
DJF 
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This section analyses farmers’ perceptions of climate change, and how these perceptions are 
correlated with the climate data. Farmers in the household survey in each village were asked for their 
observations relating to the direction of change for two fundamental aspects of climate (temperature 
and precipitation) and weather events (droughts, cyclones/storm surges, and floods).  
The survey revealed that 97% of coastal farmers perceived a change in climate. Thomas et al. (2013) 
also reported  that Bangladesh farmers perceived climate change and its impacts. Figure 9.3 shows 
that farmers in the case-study villages perceived a shift in annual temperature, but there was a 
perception of a higher temperature rise in summer than in winter. Some farmers perceived that 
average winter temperatures had increased, but there were sometimes short periods of more extreme 
lower temperatures during the winter season. Conversely, farmers reported a greater frequency of 
short or medium-term droughts, with a decrease in rainfall in most seasons except during the post-
monsoon months. Also, the arrival of the monsoon rain was delayed, while the rainfall pattern was 
more irregular. Furthermore, farmers reported more frequent and intense extreme weather events 
(torrential rain, cyclones, and tidal surges, due to depressions in the Bay of Bengal). These perceptions 
of farmers in the study area were similar to those reported in other coastal villages (Hossain et al. 
2012; Rashid et al. 2014; Uddin et al. 2014; Vivekananda et al. 2014). 
Farmers’ perceptions of  rising summer (JJA and SON) temperature, a decline in rainfall across the 
year but an increase in the post wet-season months (SON), a more erratic rainfall pattern, and an 
increasing frequency and intensity of extreme weather events (e.g., droughts and heavy rainfall 
events) were highly correlated with the trends found in the Khulna Climate Station data. However, 
the climate trends show that that the temperature had decreased in the winter months (DJF) while 
some farmers perceived that there was a rise in temperature in the winter season. Although 
STARDEX was unable to analyse the trend of weather events like cyclones and storm surges, farmers 
perceived that the frequency and intensity of such events had also increased.   
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Figure 9.3: Farmers’ perceptions of changes in climate and weather events in the case study villages 
of Shaheberabad (A) and Utta Kaminibasia (B). Note: Percentages are the net result of individual 
responses (increase/decrease).  
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Farmers were asked for their observations relating to direction of change in the local environment 
(soil quality, physical infrastructure, and vegetation) over the last 15-20 years. Their perception was 
also sought regarding the factors contributing to a change in the local environment. Farmers perceived 
that the depth of the main canals had shown a marked decrease, while the elevation of arable land had 
increased as a result of sedimentation (Figure 9.4). As a result, there had been decreased access to 
tidal saline water for shrimp gher farming in Uttar Kaminibasia; the reserve of irrigation water for 
dry-season crops in Shahberabad had also substantially decreased. Although the increase in the 
elevation of arable land had not been a problem for wet-season rice cultivation, and had increased its 
suitability for dry-season cropping in Shaheberabad, the elevation of the land had adversely affected 
shrimp culture in Uttar Kaminibasia because of the decreased gher water depth.  
A decrease in soil fertility and increased salinity in the dry-season were widely perceived phenomena 
in the case-study villages The soils of Uttar Kaminibasia were now unsuitable for dry-season cropping 
and suitable only for shrimp culture. Nevertheless, the level of soil salinity was still below the 
threshold level for dry-season cropping in Shaheberabad. Most farmers reported that salinity was not 
usually a problem for wet-season rice cultivation, as the rice fields were kept full with fresh tidal 
water during periods of drought or lack of rainfall, with only a few plots not having access to water. 
Figure 9.4 shows that the increase in home-yard vegetation was perceived as a positive environmental 
change in Shaheberabad. However, in Uttar Kaminibasia there had been an unprecedented decrease 
in indigenous vegetation levels, as a result of brackish-water shrimp farming. In addition, people in 
the villages had experienced reduced availability of freshwater for domestic use in the dry season. 
The scarcity of water was markedly higher in Uttar Kaminibasia as a result of home-yard ponds 
becoming unsuitable even for bathing due to salinity intrusion from the shrimp gher. There have been 
other similar reports of a decline in soil quality, increased salinity and sedimentation, and decreased 
bio-diversity as a result of the adverse environmental consequences of shrimp farming in coastal 
Bangladesh (Ali 2006; Paul and Roskaft 2013; Pokrant 2014; Kabir et al. 2015). 
Brackish water shrimp culture was reported by 84% of farmers as being mainly responsible for the 
decline in soil fertility in Uttar Kaminibasia. Some farmers also perceived that reduced access to tidal 
alluvium, or little or no farm-yard manure application, had also affected soil fertility. This was 
regarded as being a result of reduced access to tidal water for most plots after the introduction of the 
shrimp gher system, while the reduced application of farmyard manure reflected a decline in the cattle 
population. Conversely, in Shaheberabad farmers noted that excess chemical fertilizers and less or no 
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organic fertilizer application (i.e., farmyard manure), in combination with the removal of rice straw 
from the field, had affected soil quality.   
 
Figure 9.4: Farmers’ perceptions of environmental change in Shaheberabad (A) and Utta Kaminibasia 
(B). Note: Plants growing in tidal saline areas were recorded as mangrove vegetation. Percentages 
are the net result of individual responses (increase/decrease).  
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farmers (78%) perceived that the flooding of fields used for cropping with highly saline sea water as 
a result of embankment damage by super cyclone Aila in 2009, combined with shrimp culture in 
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Most experts noted that the capillary rise of dissolved salt has increased due to a lack of rain and 
rising temperature.7 One noted that the increase in salinity could also be related to the level of water 
in the river at high tide being higher than the level of arable land due to the effects of sediment 
accumulation on the floor of the riverbed (this following an engineering fault in the construction of 
the embankment along the coast). It has also been reported that climatic events (sea-level rise, storm 
surges, tidal flooding, and droughts) and anthropogenic factors (decreasing upstream flow, siltation 
in the riverbed, shrimp culture, and the construction of the Farakka Barrage in India and coastal 
embankments in Bangladesh) had increased the vulnerability to higher levels of salinity in the south-
western coastal region (Pouliotte et al. 2009; SRDI 2012; Habiba et al. 2014; Khan et al. 2014; Saroar 
2014). 
 
Farming risks was ascertained through asking what factors contributed to variability of yield and the 
returns of farm enterprises. Farmers then ranked the factors according to their gravity on a five-point 
scale (1 = least important, 5 = most important). The risks factors were typified as climatic or 
environmental risks and marketing risks. The responses varied widely due to differences in 
respondents’ farming practices and resource availability. Figure 9.5 presents the perceived risks of 
farming in the case-study villages and their rankings.   
In Uttar Kaminibasia, shrimp virus disease was rated as most critical potential farming risk, 
mentioned by 88% of respondents and ranked first or second by 66%. Respondents noted that 
hatchery-bred post-larvae were highly susceptible to the virus, but they had little access to naturally-
bred post-larvae and polymerase chain reaction (PCR)-tested post-larvae. In addition, drought and 
heavy rain in the summer months (April and May) and post-wet-season months (September-
November) significantly aggravated the risk of the virus and to wet-season rice cropping, being 
reported by 73% of farmers and ranked first or second by 52%. It was noted that shrimp cannot cope 
with the environmental stresses, including the rise in gher water temperature during periods of 
drought, as well as the dramatic fall in temperature and pH of the gher water after heavy rainfall. In 
addition, periods of heavy rainfall during the flowering stage of rice caused rice grain sterility. The 
productivity of rice crops in higher topographical areas was also affected by salinity because of 
droughts and/or inadequate access to tidal water. Salinity was recognized as a risk to wet-season rice 
farming, being reported by 52% of farmers and ranked third to fifth among the major production 
constraints (Figure 9.5).  
                                                          
7 Quazi A. Z. M. Kudrat-E-Kabir, Project Manager, Feed the Future Aquaculture Project, 
WorldFish, Khulna. 
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Experts agreed with the farmers’ perceptions but added that improper infrastructure (cultured shrimp 
on rice fields), unscientific management (mixed culture of shrimp, fish and crab, and admitting tidal 
water directly and frequently into shrimp gher without treatment, allowing harmful pathogens, post-
larvae of virus-carriers (crabs), and predators of shrimp (barramundi fish) to be admitted into the gher 
with tidal water), and an unfavourable environment (inadequate water depth and lack of feed) 
markedly increased disease risk. In addition to shrimp disease, high temperatures, tidal surges and 
drought have been reported as risks to shrimp farming in south-western coastal villages (Ahsan 2011; 
Saroar 2014).  
 
Figure 9.5: Perceived farming risks in the case-study villages 
In Shaheberabad, soil moisture stress was typified as most critical environmental risk for dry-season 
cropping, due mainly to inadequate access to fresh water for irrigation, this being mentioned by 94% 
of farmers and ranked first or second by 72%. This was closely followed by extreme weather events 
(drought, excessive rain, and storm surges). It was noted that dry-season crops were highly vulnerable 
to waterlogging, pests, and diseases, with drought aggravating the moisture stress and pest attacks.   
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the land unsuitable for planting these crops. Conversely, a delay in the onset of wet-season rain 
delayed the transplanting of wet-season rice, while excessive rain at transplanting, and heavy rain or 
drought at the reproductive stage, could have adverse effects on wet-season rice crops (Figure 9.5).   
Likewise, farmers perceived that rising temperature, unpredictable weather (including irregular 
rainfall, delays in the onset of the wet season, and drought), salinity and pest incidence were key 
farming risks in the coastal zone  (Khan et al. 2014; Uddin et al. 2014; Moslehuddin et al. 2015). 
In Uttar Kaminibasia, the uncertainty of the farm-gate shrimp price and uncertainty of demand in the 
international markets were the major marketing risks, being mentioned respectively by 93% and 87% 
of respondents and ranked first or second by 70% and 49%, respectively. They noted that the shrimp 
price was low during the peak harvesting period, not necessarily because of higher supply but possibly 
due to collusion among depot-level traders (the second tier of the marketing channel) because of the 
oligopolistic nature of the market. However, little was being done to try and monitor or fix the matter 
of variability in shrimp prices. Farmers’ also reported lack of access to current information on shrimp 
prices in wholesale and international markets. Therefore, the opportunity for price collusion among 
traders only increased. The traders, on the other hand, often argued that the low prices being offered 
reflected low demand and/or questionable quality of the shrimp offered for sale by local farmers. 
Farmers were unable to market their shrimp directly to wholesale markets, partly due to the poor 
transportation system and partly due to a lack of facilities for preserving the highly-perishable shrimp 
before marketing. Hence farmers saw that unscrupulous dealings of primary-level shrimp traders and 
high prices of factor inputs affected farm profitability (Figure 9.5). Ahsan (2011) also reported 
exploitation of farmers by market intermediaries, combined with the uncertain price of shrimp, as 
critical risks to shrimp farming in Satkhira.  
In Shaheberabad, a lack of access to markets was a crucial marketing risk, mentioned by 86% of 
farmers and ranked first and second by 74% (Figure 9.5). It was noted that the farm-gate price of dry-
season cash crops was low as marketing of farm commodities to cities was hindered by a poor road 
network from the village to other parts of the country, mentioned by 76% of respondents and ranked 
first or second by 54%. This was closely followed by seasonal variability of price and demand for 
non-rice crops at the farm gate, mentioned by 74% of farmers and ranked first or second by 39%. It 
was noted that the farm-gate demand for and price of the main cash crops (e.g., watermelon) were 
highly volatile. This was seen to be, in part, because market intermediaries influenced the price and 
because farmers were unable to market their produce directly to wholesale markets due to the poor 
transportation system and high marketing risk for perishable commodities. The demand for 
watermelons showed a substantial decrease if torrential rain and/or hail storms occurred during 
harvesting, as these conditions reduced the flavour and appearance of the fruit.  
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Farmers undertake various adaptation strategies to achieve their farming objectives (yield, food 
security, and profitability), despite multifaceted short-term constraints (e.g., product prices and 
climate variability) and long-term changes (e.g., domestic agricultural policies, new technologies) 
(Kandlikar and Risbey 2000). The success of adaptation relies on making progressive adjustments to 
changed circumstances (Wall and Smit 2005). Farmers’ adaptation responses in this study were 
divided into “coping” and “adaptation” strategies. Coping involves short- to medium-term actions 
with the aim of overcoming adverse conditions, based on the use of available skills, resources, and 
opportunities (IPCC 2014b). Thus, farmers’ immediate actions to mobilize their family after 
experiencing extreme events are regarded as coping strategies. Adaptation involves adjustments to 
actual or expected climate change and its effects in order to moderate and eliminate potential harmful 
effects, or to exploit potential benefit of actual or expected climate change and its effects (IPCC 
2014b). 
 
Farmers’ coping strategies were investigated by asking them what adaptive measures they had 
undertaken during the past 15-20 years in response to damage to crops and/or household assets by 
extreme weather events. Table 9.2 summarises the coping strategies of farm households. Male 
members of most small and some medium farm families in both villages undertook non-farm wage-
based employment at village level (repairing roads and embankments) and/or temporarily migrated 
to other places, including even to India, immediately after extreme weather events. In addition, both 
male and female members of smallholder families captured fish, shrimp, and post-larvae from the 
river, and males commenced fish-based seasonal petty trading in Uttar Kaminibasia, while 
transporting people by motorbike and van was a common self-employment activity of males in 
Shaheberabad. Farmers also undertook wage work, migration (seasonal and cyclical), and self-
employment activities (van or rickshaw pulling) in other south-western coastal villages, including in 
Satkhira (Vivekananda et al. 2014) and Khulna (Pouliotte et al. 2009), and drought prone north-
western villages of Bangladesh (Ahmed and Chowdhury 2006).  
Selling flexible assets was another important coping strategy (Table 9.2). In order of importance, in 
Shaheberabad the assets sold were  livestock, pond fish, trees, and arable land, while in Uttar 
Kaminibasia the assets sold were mostly fish and shrimp which were admitted into gher and home-
yard ponds with tidal surges, but some also sold livestock and leased out or sold land as well. Some 
farmers, mostly large and medium farmers, used stored rice and monetary savings. However, some 
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small farmers severely reduced their food intake, having only one or two meals a day, comprising 
only rice and fish. The sale and/or leasing of land and livestock and reduced food intake were 
commonly-practised coping strategies in the coastal villages of Khulna (Pouliotte et al. 2009)and 
drought prone north-western villages of Bangladesh (Ahmed and Chowdhury 2006).  
Table 9.2: Farmers’ coping strategies following extreme weather events in the case-study villages 
Means  Strategies Percentage of respondents 
Uttar 
Kaminibasia 
(n=63) 
Shahaberabad 
(n=51) 
Family 
labour/skills 
Temporary migration  68 73 
Off- or non-farm wage work 65 69 
Non-farm self-employment 56 35 
Commence seasonal petty trading 33 12 
Females find work as household help 13 9 
Family flexible 
assets  
Leasing out/sale of arable land 16 24 
Sale of trees - 27 
Sale of livestock (poultry, goats,cattle) 21 47 
Sale of gher/pond shrimp and fish 63 45 
Credit/ 
borrowing 
Relatives/neighbours 29 10 
Money lenders 32 20 
Banks and government  organizations 38 41 
Purchase of shrimp post-larvae on credit  40  
NGOs 48 51 
Farming Home-yard/pond dike cropping 13 67 
Commenced shrimp culture 76  
Reduced area of DS crop production - 82 
Farm outputs/ 
family income  
Salary from employment  10 8 
Saved money 11 12 
Non-farm income 18 14 
Stored rice 44 59 
Relief/social 
safety  
network 
Local government 25 30 
NGOs 33 39 
DAE and NGOs (inputs and training) - 45 
Others Severely reduced food intake 14 11 
Had two meals per day instead of three 33 29 
 
Stocking shrimp post-larvae in gher was a major farm-based coping strategy, while a few farmers 
also planted vegetables in their home-yards in Uttar Kaminibasia. In Shaheberabad, the majority of 
farmers commenced seasonal vegetable cultivation in their home-yard or on pond dikes, as the area 
was suitable for planting crops. Reducing the area of dry-season crops in the immediate season 
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following extreme weather event also occurred, although this might also be a coping strategy due to 
a lack of capital (Table 9.2).  
Usually after extreme weather events, farmers received credit from NGOs, government banks, or 
other credit organizations, or borrowed money from money lenders, traders, or relatives to meet their 
household and farm expenses. Some farmers received inputs on credit from traders. Mostly, 
smallholder farmers obtained some disaster relief in kind from NGOs and local government 
organisations (Table 9.2). Likewise, borrowing money was a common coping option reported for 
households in in Satkhira (Vivekananda et al. 2014) and Khulna (Pouliotte et al. 2009).  
 
Household adaptive strategies were investigated by asking about farming and non-farming adaptive 
measures undertaken to achieve farming objectives or improve family well-being and reduce farming 
risks, or to increase adaptive capacity in response to perceived and experienced changes in climatic 
conditions and environmental stresses. Table 9.3 shows that most farmers made adjustments in both 
farming and non-farming livelihood activities, while Figures 9.6 and 9.7 provide pictorial views of 
some of these adaptation options in the case-study villages. The non-farm livelihood adaptation 
strategies were generally consistent, but farming adaptation strategies differed between the two study 
villages, principally because of differences in the biophysical environment and available resources.    
In Shaheberabad, most farmers, irrespective of farm type, improved their rice/non-rice cropping 
systems through adopting diversified dry-season crops, changing crop varieties, cropping calendars, 
agronomic management (fertilizers, pesticides, irrigation, and resource-conservation technologies) 
and small-scale farm mechanization. In addition, again irrespective of farm type, improved livestock 
(cattle and poultry), home-yard or dike crops, and pond-fish aquaculture were commonly undertaken 
as secondary adaptive measures in the village, with the number of cattle increasing with increasing 
farm size, but vice versa in the case of goats and poultry. Similarly, Uttar Kaminibasia village most 
farmers improved rice/fish-shrimp farming through adopting stress tolerant rice varieties,  changed 
the planting and harvest dates for rice, fish and shrimp,  changed some agronomic (fertilizer and 
pesticide use), and management practices (soil and water) and other intercultural operations, and 
excavated/deepened trenches in the shrimp gher , since 2009. In addition, some farmers commenced 
home-yard vegetable cultivation and livestock raising (cattle, sheep and geese), despite ongoing 
salinity issues and limited feed/grazing fields (Table 9.3).   
Household production of livestock, vegetables, and fish were primary sources of family nutrition and 
cash flow, and help reduced consumption expenditure in the villages. The use of local breeds of cattle 
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and home-yard crops also reduced potential adverse effects of environmental stress (Table 9.3). Other 
adaptation measures reported in the study in Satkhira included increased irrigation, crop 
diversification, adopting stress-tolerant varieties, and integrated farming (Uddin et al. 2014), while in 
Khulna  household gardening with saline tolerant crops and livestock rearing  are farmer practiced 
adaptive strategies  (Pouliotte et al. 2009).    
Table 9.3: Farmers’ adaptation strategies in the case-study villages  
Means Strategies Percentage of total respondents 
Uttar 
Kaminibasia 
(n=63) 
Shahaberabad 
(n=51) 
Farming  
  
  
  
Improved rice-fish/shrimp farming 100 - 
Improved rice/non-rice farming - 100 
Commenced/improved livestock raising 41 88 
Commenced/improved home-yard 
cropping 49 
78 
Diversified dry-season cropping  - 75 
Strengthening of pond fish aquaculture 24 73 
Non-farming 
  
  
  
Off/non-farm labouring work  67 69 
Self-employment and non-farm work 59 65 
Educating children for future employment  56 59 
Employed salaried jobs 16 8 
Farm output/ 
income 
allocation 
Save food 56 47 
Spread sales  43 37 
Save money 24 27 
Infrastructure 
  
Harvest rainwater for drinking 81 67 
Improve housing condition 38 37 
Excavated/deepen trenches in fields and 
home-yard fish ponds - 19 
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(a) Watermelon ready for harvesting (Kabir, 06/05/2014) 
  
(b) Pumpkin ready for harvesting (Kabir, 28/05/2014) 
(c) Other dry season crops (Kabir, 28/05/2014) 
  
(d) Home-yard cropping in the early wet season  
(Kabir 28/05/2014) 
(e) Cattle grazing in the fields after harvesting dry season 
crops (Kabir 28/05/2014) 
 
  
(f) Deepened fish pond with widened dike for cropping 
high-value crops (Kabir 19/05/2014 
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Most smallholder farmers took on off-farm and non-farm labouring work and, irrespective of farm 
category, took on self-employment (e.g., petty business, seasonal business, transporting people by 
motorbike, motorised vans and push vans, and open-water fishing), in addition to their farming 
activities. Most farmers also increased the educational support and opportunities for their children to 
provide future non-farming security options. Some farmers (large and medium) in both villages saved 
money for bad days and/or did not sell  surplus paddy rice until the following season’s rice crop had 
matured or was free from the risk of damage by extreme weather events. Most households harvested 
rainwater in earthen and/or plastic tanks, and some large and medium farmers had improved the 
condition of their housing (Table 9.3). Other researchers have  reported that, in response to extreme 
weather events, farmers in south-western coastal villages took on non-farm wage work and short-
term migration (Thomas et al. 2013; Uddin et al. 2014) and self-employment activities (the open-
water capture of fish/crabs and the collection of products from the Sunderbans) (Saroar 2014).  
  
(g) Male and female members of small farm and landless 
labourer families undertaking non-farm work (Kabir 
25/05/2014) 
 
 
(h) Male members of small farm and landless labourer 
families temporarily migrating to other palaces for off-
farm or non-farm work during a lean cropping season 
(Kabir 20/05/0214) 
Figure 9.6: Examples of farmers’ adaptive strategies in Shaheberabad 
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(a) Cattle are moved to other villages during the shrimp 
farming season (Kabir, 21/05/2014) 
  
(b) Home-yard vegetables in the early wet season (Kabir, 
21/05/2014) 
(c) Excavated fish pond with wide dike to allow both fish 
and dike cropping in Uttar Kaminibasia  
(Kabir 20/03/2013) 
  (d) Males of small and landless labourer families 
catching fish and shrimp post-larvae in the river (Kabir 
14/05/2014) 
(e) Females of small and landless labourer families 
catching fish and shrimp post-larvae in the river (Kabir 
14/05/2014) 
  
(f) Village level shrimp trading (Kabir 12/05/2014) 
 Figure 9.7: Examples of farmers’ adaptive strategies in Uttar Kaminibasia 
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In this section, the dynamics of farming adaptation are considered by examining the major agricultural 
adaptation strategies in each season, the drivers and benefits of adopting a given strategy, and the 
factors which facilitated or impeded the adoption of the strategies. Respondents were asked what 
adjustments farmers had made in their cropping systems over the past 10-15 years in response to 
perceived and experienced changes in climate and the environment, what were the drivers or 
advantages of each adaptive measure, and what factors facilitated or constrained the adoption process. 
Table 9.4 lists the farming adaptation strategies, while Figures 9.8 and 9.9 give pictorial views of 
some of the adaptation strategies in the villages.  
Table 9.4: Farming adaptation strategies in the case-study villages 
Shaheberabad % of 
farmers 
Uttar Kaminibasia % of 
farmers 
Use of stress-tolerant WS rice 
variety  
100 Use of stress-tolerant WS rice 
variety  
100 
Changed planting date of WS rice 100 Flushing out and maintaining tidal 
fresh water level in WS rice fields 
100 
Decreased EWS rice area 100 Manual soil pulverization of rice  
and shrimp fields 
100 
Tractor use (hired/purchased) 100 Shrimp farming 100 
Stopped cultivating DS rice  100 Application of  fertilizers in the 
shrimp gher 
100 
Hybrid watermelon cultivation 100 Application of lime in the gher  100 
Mulching of  DS crop fields 100 Tillage and flushing out of fields 
before stocking post-larvae 
100 
Manual and plastic hose irrigation 100 Delay in first stocking of shrimp 100 
Powered pumps (hired/purchased)  100 Sun drying of fields after harvesting 
WS rice 
100 
Local variety of pumpkin 90 Excavation of  trenches in the gher 100 
Diversified DS crops 73 New pesticide application in WS rice 85 
Admission of tidal water to WS rice 
fields 
72 Final harvesting of shrimp 
undertaken earlier to transplant WS 
rice in advance  
65 
Use of gypsum to mitigate salinity 
impact 
68 Fungicide application in the shrimp 
gher 
55 
Use of powered sprayer 
(hired/purchased)  
67    
Excavation of  trenches in fields 45    
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(a) Wet-season rice 
A saline-tolerant, short-duration, wet-season rice variety had been adopted in both villages (Table 
9.4). The variety gave higher yields, despite delayed transplanting, and matured 2-3 weeks earlier, 
during a time of food scarcity. Its demand and price were high even during the harvesting season. 
This variety was less susceptible to lodging or shattering under field conditions. However, the 
dominant view was that adoption of the new variety involved greater labour and non-labour inputs. 
Farmers had made significant adjustments in the management of their wet-season rice/fish farming 
systems in Uttar Kaminibasia since 2009 (Table 9.4). Some farmers (35%), mostly large and some 
medium farmers, still delayed rice transplanting on some of their land in order to continue shrimp 
farming for a longer period, as the price of shrimp increased later in the season. However, most 
farmers (65%) had advanced their rice transplanting dates by about 2-3 weeks as shrimp growth 
slowed when the river water became fresh in response to the monsoon rain, while the rice crops gave 
a higher yield if planted early in the season. Human labour was used to pulverize the accumulated 
alluvium, sediments, and algae in the rice fields, this being done 2-3 times at 25-35 day intervals. 
Also, the rice fields were flushed out by fresh tidal water before transplanting the WS rice, with the 
flushing being continued throughout the life-cycle of the rice crop. However, the rice paddies were 
maintained full of water, as salinity was a potential threat if the fields became dry as a result of lack 
of rainfall. Furthermore, a new pesticide was applied to the rice crop which was not harmful to fish 
but highly efficacious to control rice pests. Similarly, Shaheberabad farmers also admitted tidal water 
to provide supplementary irrigation in the event of reduced rainfall. However, some farmers (28%) 
reported having reduced access to water for last 2-3 years because of a broken sluice gate. The 
dominant view was that total rice production and rice self-sufficiency had not only significantly 
increased, but there had also been a decline in the season-to-season variability in production after 
adopting these improved cropping strategies.    
 
(b) Brackish-water shrimp 
Brackish water shrimp culture was the only dry-season farming option in Uttar Kaminibasia (Table 
9.4). Most farmers (79%) perceived that the salinity levels in the dry season were above the threshold 
levels for dry-season crop cultivation, while the village had ample access to tidal water with wild 
fish/shrimp post-larvae. Secondly, shrimp culture in the dry season gave considerable economic 
returns and cash flow within a period of 5-6 months. Thirdly, shrimp farming did not require a high 
level of purchased inputs as family labour undertook most cultural operations, while there was no 
cost of pumping water or supplementary feed, only for fertilizers. At the same time, the practice of 
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multiple stocking (4-5) and the availability of post-larvae reduced risk. Nevertheless, farmers noted 
that the local environment (salinity, vegetation, and freshwater availability) and other components of 
the farming system (homeyard crops, pond fish aquaculture, and livestock) were are affected as a 
result of shrimp farming.  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
Farmers had made some major adjustments in shrimp farming since 2009 (Table 9.4). They excavated 
trenches in the shrimp gher so that shrimp and fish were able to avoid some of the potential 
environmental stresses due to drought and extreme heat. The fields used for shrimp farming were also 
sun-dried for over a month after harvesting the wet-season rice crop; this delayed the first shrimp 
post-larvae stocking by about one month. Lime was applied to the wet fields after first ploughing, 
and the fields were then kept inundated for 5-7 days. They were flushed out after the second 
ploughing. The shrimp gher were ploughed as the soil became compact after sun-drying. Human 
labour was used to manually pulverize the accumulated sediments on the gher floor, because soft 
Figure 9.8: Some of the key adaptive options for shrimp farming in Uttar Kaminibasia 
(a) Sundried shrimp gher (Kabir, 04/03/2013)   (b) Trenches in the shrimp gher (Kabir, 04/03/2013) 
(c) Ploughing a shrimp gher (Kabir, 21/03/2013)   (d) Women manually pulverizing the accumulated 
sediments on the bottom of the gher (Kabir 14/05/2014) 
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muddy soil was essential for shrimp adaptation. Some 89% of farmers mentioned that the shrimp 
moved into the soft mud in order to escape from environmental stresses (temperature, drought, and 
pests). The gher were kept inundated for about 7-10 days after applying fertilizers (urea and TSP) to 
encourage the growth of phytoplankton. After the first stocking, top-dressing with fertilizers was 
undertaken 2-3 times, usually at 30-40 day intervals, to encourage the growth of shrimp feed as the 
availability of naturally-grown shrimp feed decreased in the  gher; this was mentioned by 81% of 
respondents. Lime was applied 3-5 times, depending on the occurrence of torrential rainfall on hot 
summer days.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(a) Two wheel powered tractor used for year round 
land cultivation (Kabir 12/02/2013) 
  
(a) Homeyard fish pond water is used for regular 
domestic purposes and the irrigation of dry-season 
crops (Kabir 28/05/2014) 
 
 
(c)  Water of crop field trenches being used for 
irrigation of dry season crops (Kabir 18/03/2013) 
(b) Collecting water from crop field tranches for 
application to dry season crops (Kabir 18/03/2013) 
Figure 9.9: Adaptation through the development of farm-level fresh water resources for the 
irrigation of dry-season crops, and small-scale farm mechanization in Shaheberabad 
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The dominant view was that shrimp production and the opportunities for paid labouring work had 
increased significantly, while there had been a marked decrease in the disease and death rate of shrimp 
post-larvae because of the adjustments in shrimp culture. One expert panel member8 suggested that 
the decline in the incidence of shrimp disease may reflect the effects of sun-drying and flushing out 
the ploughed fields after lime application. Some farmers reported a significant reduction in the labour 
used for weeding of crops (rice and shrimp) as a result of a decline in algal infestation in the fields 
after sun-drying. Others mentioned that homestead vegetable production had increased because of 
delayed saline water ingression. However, the dominant view was that the delay in first stocking of 
shrimp post-larvae until after mid-February increased the risk of viral attack. 
 
(c) Dry-season cropping 
Dry-season rice cultivation ceased 5-7 years ago, being replaced by hybrid watermelon cultivation in 
Shaheberabad (Table 9.4). The economic driver for watermelon production was the potential for 
higher returns and the ease of marketing, as the crop was mostly sold in the field. The agronomic 
advantages of growing watermelon included the need for substantially less irrigation than for dry-
season rice, lower levels of fertilizer application in the following season crops, and the positive impact 
of residual biomass on soil health. However, farmers reported that watermelon was a high-input and 
labour-intensive crop which was vulnerable to environmental stress (salinity, water stress, inundation 
and diseases).   
Cultivating a local variety of pumpkin was another adaptive cropping option (Table 9.4). Most 
farmers viewed pumpkin as a short-duration profitable option that required lower levels of inputs and 
irrigation, was less labour-intensive, and was an important vegetable for family consumption. It was 
noted that pumpkin could be stored at home for 2-4 months, both for family consumption and sale. 
Some farmers (65%) perceived that pumpkin was less affected by seasonal weather variability and 
extreme weather events. However, a low level of demand and price for pumpkin at the farm gate 
impeded its large-scale adoption, as mentioned by 78% of farmers. It was also noted that a poor 
transportation system restricted the marketing of pumpkins to cities, while only a few traders 
purchased pumpkin at the farm gate, hence most households produced pumpkin for family 
consumption.  
The diversification of dry-season cropping (Indian spinach, bitter gourd, ridge gourd, long bean and 
cucumber) was also an important risk-reducing strategy, as each crop had different degrees of stress 
tolerance (Table 9.4). Most farmers noted that vegetable cultivation provided a higher return and 
                                                          
8 Professor Md. Jahangir Alam, Faculty of Fisheries, BSMRAU, Gazipur-1703, Bangladesh 
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generated a daily cash flow for about two months, in addition to being used for family subsistence, 
while also being less fertilizer- and irrigation-intensive. However, farmers (74%) highlighted the 
constraint to large-scale diversification of a lack of family labour for regular picking and marketing 
of the vegetables over about 1.5-2 months, while few traders purchased vegetables at the farm gate. 
Likewise, Saroar (2014) reported that crops with lower irrigation requirements and which were 
moderately salinity-tolerant (5–10 dS/m) (sunflower, sesame, and watermelon) were being adopted 
to replace dry-season rice as an adaptive strategy in the coastal villages of Khulna.  
A number of adjustments had been made to dry-season cropping in Shaheberabad (Table 9.4). First, 
tractors had been adopted (hired or purchased) to facilitate crop planting within the shortest possible 
time, as the use of tractors reduced the land preparation time substantially. Second, the use of low-
lift power pumps (hired or purchased) with plastic irrigation hose, and manual irrigation using 
pitchers, had been adopted as a resource-conservation adaptive strategy. Farmers (69%) noted that 
plastic hoses and pitchers ensured optimum utilization of water reserves and made it possible to 
irrigate plots located 500-1,000 metres from water reserves. Third, some farmers (35-45%) deepened 
or excavated homestead fishponds and trenches in crop fields for harvesting rainwater to facilitate the 
irrigation of dry-season crops. Thomas et al. (2013) similarly reported changes in crop planting dates 
and the harvesting of rainwater for irrigation as farmers’ adaptive strategies in the southwestern 
coastal areas. Fourth, mulching dry-season crops (watermelon and pumpkin) with rice straw was 
another widely-practised resource-conservation adaptive option. The mulching helped protect the 
dry-season crops from environmental stresses (drought, mud-spotting, warm soil, and water 
saturation). Finally, farmers (90%) applied gypsum to their dry-season cropping areas in order to 
mitigate the potential adverse effects of salinity. However, some farmers (10%) had stopped applying 
gypsum after they did not find large differences in the productivity of crops.  Other researchers (FAO 
2006; Alauddin and Sarker 2014) have also reported that agronomic management (excavation of 
mini-ponds for reserving water, supplemental irrigation, increased irrigation, and mulching/shading), 
alternate crops (mango orchards instead of rice), and homestead gardening were common adaptive 
strategies in the drought-prone areas of Bangladesh. In summary, the dominant view was that the 
productivity of dry-season crops and farm income had not only increased but that there was a reduced 
risk of low crop yield and seasonal fluctuation in yields when the above adaptive strategies were 
adopted.  
 
(d) Early wet season cropping 
The area sown to early wet-season (EWS) rice has been reduced substantially in Shaheberabad (Table 
9.4). The reasons for the reduction in EWS cultivation were a combination of a decline in paddy rice 
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price and an increase in production costs (mentioned by 96% of respondents).  In addition to a decline 
in EWS rice yield, a delay in maturity was also reported, resulting in a delay in the planting of DS 
crops. The delayed planting of DS crops then increased possible crop damage by extreme weather 
events, resulting in significantly reduced yields. Others farmers noted that, farmers used fallow areas  
for grazing cattle in EWS, while male members of smallholder farm families migrated to other 
districts for off/non-farm  employment as rice cropping was less economically rewarding in the 
season.   
 
(e) Factors facilitating and constraining adaptation 
Table 9.5 summarises the factors that were seen to facilitate adaptive strategies in the case-study 
villages. Household assets (farm and non-farm income and land) as a source of primary capital, credit 
from different government and non-government organizations, and personal secondary capital 
sources (traders, relatives, and moneylenders), provided financial support in the adaptation process. 
Family members provided indirect financial support through their intensive participation in the 
cultural operations of farming, post-harvest processing, and marketing of farm commodities. 
Although informal means of acquiring information such as conversations with other farmers, fertilizer 
traders, personal experience, and observing the practices of other farmers all facilitated the technology 
adoption process, farmers recognized the significant contribution of formal research for the 
generation of adaptation options. Formal extension providers (the DAE and NGOs) contributed to the 
adoption process though training and farmers’ field visits, particularly in Shaheberabad. Farmers 
noted the roles of local government in relation to water management, and traders in relation to 
marketing inputs (seeds and fertilizers) and outputs as important in the adaptation process. 
Table 9.6 illustrates the season-based constraints to adoption of adaptation strategies in the case-study 
villages. Constraints to dry season cropping noted by farmers in Shaheberabad included: inadequate 
access to fresh water irrigation due to heavy siltation of reservoirs, canals, and rivers; poor access to 
markets due to transportation problems; high production cost due to the adoption of crops with high 
requirements for inputs and labour; and a lack of availability of stress-tolerant crop varieties.  
Conversely, a lack of disease-free shrimp post-larvae, inadequate access to tidal water, and the high 
cost of developing the gher infrastructure were the major constraints to shrimp farming in Uttar 
Kaminibasia. The unsuitability of land, in particular excessive moisture during the planting period 
for dry-season crops in Shaheberabad, and the elevated topography in Uttar Kaminibasia which 
affected shrimp culture, were also constraints noted by farmers. Farmers in Shaheberbad also 
mentioned that that the erratic rainfall pattern (some years there was excessive rain and in some years 
drought conditions were experienced) impeded EWS rice cultivation because of the lack of 
 
 
242 
availability of irrigation water. A lack of access to quality rice seed (high purity and germination rate) 
in local markets also affected wet-season rice yields in the case-study villages. In addition, the lack 
of capital and poor access to soft credit, combined with a lack of knowledge of modern cultural 
practices and/or inadequate access to information of adaptation options were crucial barriers to 
technology adoption in the villages. Other researchers (Uddin et al. 2014; Moslehuddin et al. 2015) 
have similarly reported that the scarcity of irrigation water, increasing salinity, a lack of access to 
markets, information, credit, and quality inputs, poor soil quality, soil wetness, and delayed drainage 
in the dry-season were barriers to adoption of adaptation technologies in coastal Bangladesh   
Table 9.5: Factors which facilitated adaptation strategies in the case-study villages  
Item  Factors Percentage of total respondents 
Shaheberabad 
(n=51) 
Uttar Kaminibasia 
(n=63) 
Credit 
  
  
  
Neighbours and relatives  24 13 
Traders 24 73 
Bank/other government 
organizations 
33 46 
Non-government organizations 
(NGOs) 
43 56 
Extension 
providers 
  
  
  
NGOs 18 13 
Local union council 47 63 
Neighbours, watching others’ 
practices 
53 86 
Own experience 78 73 
Department of Agricultural 
Extension 
84 16 
Household 
assets 
  
  
  
Own freshwater reserve 43   
Non-farm income 57 33 
Own land 65 59 
Household income 73 67 
Family labour 75 78 
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Table 9.6: Seasonal factors which impeded adaptation strategies in the case-study villages   
Constraints 
Shaheberabad 
(n=51) 
Uttar Kaminibasia 
(n=63) 
Dry-season crops/shrimp farming:  Percentage of total respondents 
    Inadequate access to irrigation/tidal water 96 76 
    Poor access to markets 92 57 
    High production costs  86 43 
    Lack of stress tolerant cultivars/shrimp post-larvae 69 86 
    Unsuitability of soil/land/salinity 56 65 
    High cost of excavating trenches  43  68 
Wet-season rice     
     Lack of better quality rice seed 75 78 
     Limited access to fresh tidal water 49 37 
Early wet-season rice     
    No freshwater for irrigation 82 0 
    Grazing cattle damage  to rice crop  51  0 
    Lack of short duration stress tolerant rice variety  38  0 
Overall:    
    Lack of knowledge and extension services 49 68 
    Lack of capital 47 54 
    Lack of soft credit 43 51 
    Lack of family labour 25 18 
  
 
 
In Shaheberabad, the dominant view (60-70% of respondents) was that watermelon production would 
decline because of its greater susceptibility to climate change, but pumpkin production and other 
vegetables would remain stable or increase due to their lower water requirement and greater tolerance 
of environmental stress. Some farmers (43%) mentioned that although sesame and sunflower were 
not free from risk (they were susceptible to torrential rain and had an uncertain market), farmers might 
decide to grow more of them in the future, as they were more tolerant of drought and required lower 
levels of inputs (fertilizers, pesticides, labour, and irrigation). A few farmers (27%) felt that maize 
cultivation might commence as maize was regarded as relatively tolerant of abiotic (drought, rain, 
and salinity) and biotic (pests and perishability) stresses.  Experts9 agreed with the farmers’ concerns 
and noted that the DAE was already focusing on the dissemination of information related to less 
                                                          
9 Deputy Director, Khulna, and Agricultural Officer, Dacope, of the Department of Agricultural 
Extension. 
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irrigation-intensive and relatively stress-tolerant crops (maize, sesame, and sunflower) and other 
stress-mitigation technologies (such as trenches in fields).   
In Uttar Kaminibasia, despite a harsher environment, the dominant view was that shrimp culture was 
likely to continue through the adoption of various adaptive strategies. Most farmers (70%) planned 
to improve their gher infrastructure (larger and deeper trenches) and stock better-quality post-larvae 
(PCR-tested and natural breeds) to reduce risk. Others (20%) intended to further improve their 
cultural practices (deeper ponds, supplementary feeds, PCR-tested post-larvae, and use of diesel 
pumps for irrigation) in selected gher, but may only deepen the trenches of the remaining gher.  
Fisheries experts10 mentioned that shrimp production might not decrease in the highly-saline zone if 
farmers have access to tidal water. They noted the following strategies for reducing viral attack:  
excavating deeper ponds (3-5 feet) with wider dikes; a nursery pond for stocking post-larvae for 12-
15 days; a water reservoir pond for treating tidal water; and use of PCR-tested post-larvae. The dike 
could potentially also be used for cultivating various high-value cash crops in the wet season. 
Likewise, Ahsan (2011) reported that Satkhira farmers intended to continue shrimp farming and 
expected to increase production through the future adoption of improved technologies. Shrimp 
farming is regarded as potentially able to give good returns where there was no alternative use of the 
land in the dry season.   
The overwhelming view was that the area of WS rice might not change, while a few farmers (10-
15%) would be willing to rent more land to increase rice production in both villages. Farmers 
expected to adopt more stress-tolerant high-yielding varieties of rice to reduce the potential effects of 
environmental stress. Most Uttar Kaminibasia farmers (81%) expected that fish production in rice 
fields might also increase in response to deepening the gher trenches and improving management, 
especially with respect to the stocking of fish fry.  
Rice experts11 mentioned that salinity might not pose a risk to wet-season rice in the future if farmers 
continued their current salinity-management practices. Rising temperature may also not be a threat to 
WS rice as the threshold temperature (over 35°C for an hour) of  rice is much higher than the mean 
maximum temperature (27-30°C) in Khulna during the  reproductive stage (November) of the rice 
crop. Conversely, Ahmed and Suphachalasai (2014 p. 51) projected that rice production may decrease 
by about 5-6% by 2050 in the southwestern coastal area due to climate change. Likewise, Saroar 
                                                          
10 Dr. Monjurul Karim, Dr Golam Faruque, and Quazi A. Z. M. Kudrat-E-Kabir, WorldFish, 
Bangladesh. 
11 Dr Rumana Yasmin, PSO and Head, Crop Physiology Division, BRRI, Gazipur-1701. 
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(2014) reported that salinity and water stress adversely affected the production of wet-season and dry-
season rice and non-rice crops and livestock in southwestern coastal villages.  
Most farmers (60%) perceived that the area of EWS rice would be restored if they were able to get a 
good price for their crop and had access to short-duration varieties with better tolerance of salinity 
and drought. However, some farmers (10-12%) intended to continue their rice cultivation on a 
reduced area for family subsistence. A minority view was that only about 3-5% of medium to high 
land might be used for delayed planting of EWS rice and early planting of winter vegetables. 
Shaheberabad farmers (80%) planned to intensify their home-yard and dike cropping through 
changing to high-value crops, using high-yield varieties, and bringing planting dates earlier.  
Conversely, Uttar Kaminibasia farmers (64%) expected to continue home-yard vegetable cultivation 
without any changes due to the saline environment. Some farmers planned to increase their home-
yard crop production through elevating their home-yard, changing planting dates, and changing to 
saline-tolerant crop varieties, but others (8%) were pessimistic about the potential of home-yard 
vegetable crops.  
In Shaheberabad, farmers intended to improve pond-fish aquaculture through deepening old ponds 
(31%) and excavating new ponds with wider dikes (29%). However, some were pessimistic about the 
future potential of aquaculture, as ponds dried out in the dry season (24%), and others (16%) had a 
capital constraint for excavating ponds. Conversely, in Uttar Kaminibasia some farmers (24%) 
reported plans to connect their home-yard pond with their gher, as shrimp gave better yields in the 
deeper ponds. Others (14%) were likely to commence mixed aquaculture (shrimp, prawn, and fish) 
in both fresh water and saline environments through excavating new ponds with wider bunds.  
Most Shaheberabad farmers (72%) reported plans to improve livestock rearing. In contrast, in Uttar 
Kaminibasia farmers were more pessimistic about raising livestock in the saline environment because 
of inadequate feed, lack of grazing fields, and the incidence of disease.  
Off and on-farm activities were an integral part of the livelihoods of farmers in the villages. Not 
surprisingly, younger farmers expected to continue labouring work, while older farmers intended to 
commence alternative livelihood activities like petty trading to sustain a cash flow. Farmers in both 
villages were likely to retain their present non-farm self-employment activities, while 22% indicated 
that they hoped their children would obtain salaried jobs in the future. 
Expert panel members noted that overall production in the coastal agriculture might not change 
significantly over the next two decades, even if farmers adopt more stress tolerant production 
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technologies, including better adapted crop cultivars. However, they projected that seasonal 
variability of crop (rice/non-rice) and aquaculture (shrimp/fish) production might increase because of 
climate change and climate variability. 
 
Coastal farmers had some straightforward suggestions to reduce farming risks and livelihood 
vulnerability. Shaheberabad farmers (92%) asked for the dredging of freshwater reservoirs to enable 
them to harvest adequate irrigation water for dry-season crops, and the construction of a bridge over 
the Bhadra River to alleviate a bottleneck in the marketing of farm commodities. Uttar Kaminibasia 
farmers (86%) recommended the dredging of the main canals and improving sluice-gate management 
to obtain adequate and equitable access to water for farming. Other researchers have also reported 
that improving the physical infrastructure to ensure access to markets (Burke and Lobell 2010) and 
maintenance of coastal embankments to ensure access to irrigation water (Abedin and Shaw 2013) 
are basic farming adaptation needs.  
Most farmers (86-90%) recommended the development and dissemination of stress-tolerant crop 
varieties (i.e., tolerant of drought, salinity, insect pests, and diseases), less virus-prone shrimp post-
larvae, and stress-mitigation technologies to enable adaptation to the expected harsher environment. 
Some farmers (65-70%) suggested a guaranteed price for dry-season crops (non-rice crops and 
shrimp), while others (29%) suggested crop insurance, as seasonal variability (weather and markets) 
had large effects on the price and productivity of crops. They also noted the need for the development 
of appropriate agricultural technologies and the identification of potential adaptive strategies through 
research. Ahsan (2011) noted that, in neighbouring Satkhira District, farmers asked for improved 
extension services in order to help reduce shrimp disease and market risks. 
Farmers indicated a need for easier access to information about adaptation options, extension services, 
weather forecasts for the upcoming season, and access to quality seed to reduce risks. Some farmers 
(41%) urged improved access to soft agricultural credit (easy access, low interest rates, and debt 
cancellations if over 50% of crops are damaged). Uttar Kaminibasia farmers emphasised the need for 
intensification of local vegetation to help prevent the further deterioration of the local environment. 
 
Farmers perceived significant climate changes (increased temperatures, a shift in the wet season, a 
decrease in the number of rainy days, and unpredictable rainfall) over the last two decades. Extreme 
weather events (droughts, torrential rainfall, cyclones, and storm surges) frequently damaged crops 
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and household assets. Similarly, significant increases in mean and extreme temperature and in rainfall 
were found in the analysis of Khulna climate data. Farmers also perceived significant changes in the 
local environment (increased soil and water salinity, decreased soil fertility, decreased fresh water 
irrigation reserves, and decreased tidal water for cropping). It is clear that exposure to climate change 
and environmental stresses currently pose substantial risks to coastal farming. In addition, inadequate 
access to freshwater irrigation and the lack of stress-tolerant crops and technologies have aggravated 
the risks.   
Coastal farmers have undertaken a diverse range of options, including both farming and non-farming 
adaptive strategies, in pursuit of their objectives of food security, increased returns, and reduced risk. 
The farming adaptation strategies have included crop diversification, changes in crop varieties, 
changes in planting and harvesting dates of crops, small-scale farm mechanization, stress-mitigation 
and resource-conservation technologies, water harvesting, improved livestock-rearing, home-yard 
cropping, and aquaculture. In addition, off- and non-farm labouring work, short-term migration, and 
self-employment activities have been widely-adopted non-farm coping and adaptation strategies. 
The factors that have facilitated adoption have included household assets (family labour, farm and 
non-farm income, land, ponds, trenches and farming experience), formal and informal extension 
providers, and government, NGO, and informal credit providers. Conversely, the major constraints 
to farming that still remain include inadequate access to irrigation, heavy siltation of  freshwater 
reservoirs, uncertain prices and demand, particularly for dry-season crops (watermelon, vegetables, 
and shrimp), the influence of market intermediaries, poor access to markets due to an undeveloped 
transportation system, higher inputs costs, the planting of labour-intensive crops, and the unsuitability 
of the land for some forms of agriculture, in particular excessive moisture during the planting season 
and increased salinity during the dry season. The lack of stress-tolerant varieties, shrimp post-larvae, 
quality seed, and affordable capital, and inadequate access to information on adaptation options, were 
also identified as constraints to agricultural production.  
In summary, the collective initiatives of households, communities, local government, national 
government agencies, NGOs, and traders have facilitated the development and adoption of adaptation 
strategies in coastal villages. The net result has been an improvement in overall wellbeing and the 
adaptive capacity of farmers. However, farmers acknowledge that farming and livelihoods are very 
likely to be more vulnerable under the projected future conditions. Therefore, farming and other 
livelihoods activities will need to change over the next 15-20 years. In this regard, farmers have 
indicated a need for increased investment in research and extension for the development and 
dissemination of better-adapted technologies. They have also made suggestions for improvements in 
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the physical infrastructure to help provide better access to fresh water irrigation for dry-season 
cropping and the marketing of farm produce, together with improvements in support for better access 
to credit, information about adaptation measures, extension services, and weather forecasting. This 
strong public policy and national and international support will be needed to help increase the future 
adaptive capacity of rural communities in the coastal environment.    
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THE IMPACT OF CLIMATE CHANGE AND SALINISATION ON 
CROPPING SYSTEMS (1) - BIOPHYSICAL MODELLING 
 
 
Bioeconomic modelling was used to assess the future impact of climate change and salinization on 
the sustainability of ten current and potential cropping systems in the study villages. This chapter 
presents the biophysical modelling that was undertaken to inform the analyses, while Chapter 11 
incorporates these biophysical results into crop budgets to model the economic impacts. Five climate 
scenarios were considered together with three salinization scenarios. The impacts of climate change 
and salinity have been disaggregated in the modelling. Although both climate change and salinization 
can be considered exogenous trends, and salinization is in part attributable to climate change, in 
principle there is the potential to mitigate salinity independently at the regional level, while changes 
in climate (rainfall, temperature, sunshine hours, and CO2) necessarily require adaptive responses. 
However, there was no point in separating out these individual dimensions of climate on crop 
production because they vary as a “package” for any given climate scenario. The modelling was 
applied in the first instance to current crop management practices to assess how the different cropping 
systems would perform under the different scenarios. The performance of the crops was then assessed 
allowing for some plausible adaptation options within each cropping system, namely, changing 
fertilizer management and planting dates. 
Figure 10.1 illustrates the modelling framework used. The Agricultural Production Systems 
sIMulator (APSIM) model was used for simulating both the climate and salinity impacts on WS rice, 
DS rice and EWS rice crops. However, for maize, sunflower and wheat, APSIM was used to model 
only the climate change impacts as in its current version APSIM is incapable of modelling the salinity 
responses of these crops. Instead, the salinity impact was assessed through developing salinity 
response functions and applying those to the crop yields simulated in the absence of salinity. In 
addition to the current farmer cropping practices, the performance of the crops was also simulated 
under modified rates of nitrogen application and different planting dates to delineate suitable 
adaptation options. The future performance of some existing major DS crops, namely, watermelon, 
pumpkin, and aquaculture (shrimp and fish) had to be extrapolated from data available in the literature 
and expert knowledge as they are not currently modelled within APSIM. 
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Figure 10.1: Modelling framework of climate and salinity change on crop production 
 
 
Six cropping systems currently practised in the two case-study villages were assessed. In addition, a 
number of projects have trialled maize, sunflower, and wheat as potential DS crops in south-west 
Bangladesh and obtained good results.12 Moreover, the key informant farmers of the case-study 
villages recognized these as potential crops, as mentioned in Chapter 9. Thus, maize, sunflower and 
wheat systems were included in the simulation scenarios as potential future crops. On the other hand, 
farmers of Shaheberabad had stopped cultivating dry season rice 5-8 years previously, mainly because 
of the availability of profitable substitute crops requiring less irrigation. The key informant farmers 
                                                          
12 For example, CSISA, the Cereal Systems Initiative for South Asia (http://csisa.org/csisa-
bangladesh/), and ACCA, Adaptation to Climate Change in Asia, ACIAR Project LWR/2008/019 
(Roth et al. 2015). 
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noted that watermelon had become a risky crop and might be more risky in future climatic and 
environmental conditions. Thus, ten cropping system were examined – six existing, one former, and 
three potential cropping systems (Table 10.1). These were each assessed under the farmers’ current 
management practices in each village and with some possible adaptation options.  
Table 10.1: Cropping systems assessed for Shaheberabad and Uttar Kaminibasia 
Cropping system Wet season Dry season Early wet season Status 
P1 Rice Watermelon Fallow 
Existing 
P2 Rice Fallow Fallow 
P3 Rice Pumpkin Fallow 
P4 Rice Watermelon Rice 
P5 Rice Pumpkin Rice 
P6 Rice/fish Shrimp Shrimp 
P7 Rice Rice Fallow Former 
P8 Rice Maize Fallow 
Potential P9 Rice Sunflower Fallow 
P10 Rice Wheat Fallow 
 
 
There are many projected climate scenarios used in estimating the impacts of climate change globally. 
Two emissions scenarios, namely, A2 and B1 from the IPCC’s Special Report on Emissions 
Scenarios (SRES), were used to assess associated climate change impacts on crop production. IPCC 
ranked B1 as the least harsh climate scenario and A2 as the second harshest climate scenario out of 
six scenarios (IPCC 2001a). The harsher climate scenario A2 was treated as the “pessimistic” scenario 
for this study while B1 was used to provide an “optimistic” climate scenario. The modelling was 
conducted for a historical climate period (1984-2013) and two future periods – 2030 and 2060 – 
giving five climate scenarios in all – historical, 2030 pessimistic (A2), 2030 optimistic (B1), 2060 
pessimistic (A2), and 2060 optimistic (B1).   
Daily climate data for Khulna station (latitude 22°47' N and longitude 89° 32' E) from 1984 to 2013 
were incorporated into APSIM for simulating historical crop performance, including minimum and 
maximum temperature, precipitation, relative humidity, and sunshine hours (converted to solar 
radiation in MJ m-2 d-1) (Figure 10.2). Although the trends in temperature and precipitation for Khulna 
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station were analysed for the years 1948-2013 in Chapter 9, the shorter period 1984-2013 was used 
for APSIM as the model requires a full suite of reliable climate data, including sunshine hours, which 
was only available from 1984 onwards.  
 
Figure 10.2: Mean of historical (1984-2013) temperature, precipitation, relative humidity and 
sunshine hours for Khulna (Source: Bangladesh Metrological Department) 
 
Changes projected by the United Nations Development Programme (UNDP) in the mean level of 
atmospheric CO2, minimum and maximum temperatures, precipitation, and sunshine hours in 2030 
and 2060, based on the two IPCC emissions scenarios (A2 and B1) were applied to the daily historical 
climate data to generate daily APSIM climatic input parameters for future cropping scenarios in four 
seasons – DJF, MAM, JJA, and SON (Tables 10.2 and 10.3). This involved incrementing the 
historical climate data by the appropriate value on a daily basis. Note that the time spans of the UNDP 
baseline (1979-1999) differed from the historical climate baseline chosen for APSIM simulations 
(1984-2013). This was because of the unavailability of projected climate data for the target modelling 
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periods (2030 and 2060) and emission scenarios (A2 and B1) using the latter baseline. Similarly, a 
different baseline was used for projection of atmospheric CO2 (1980-2010) due to the unavailability 
of CO2 projections from the 1984-2013 baseline. While it would have been ideal to use exactly the 
same baselines for each climate variable, the use of somewhat different baselines was unlikely to 
have greatly distorted the simulations. 
Table 10.2: Forecast changes to daily minimum and maximum temperatures during each season, 
under different climate scenarios 
Season 
Mean temp. 
 1970-99 
(oC) 
Climate 
scenario 
2030 2060 
Min Max Min Max 
DJF 18.7 
A2 1.1 0.5 2.4 1.2 
B1 0.9 0.5 1.9 0.9 
MAM 26.5 
A2 1.2 0.6 2.7 1.3 
B1 1.1 0.5 1.7 0.9 
JJA 27.4 
A2 1.1 0.5 2.4 1.2 
B1 1.2 0.6 1.7 0.9 
SON 25 
A2 0.9 0.5 2.3 1.1 
B1 1.1 0.5 1.6 0.8 
 Source: Karmalkar et al. (2010 p. 4), Note: DJF – December to February), MAR- March to May, 
JJA- June to August and SON- September to November 
Table 10.3: Forecast atmospheric CO2 levels and changes to daily precipitation during each season, 
under different emission scenarios 
Season Mean 
rainfall 
(mm) 
(1970-99) 
Mean CO2 
(ppm) 
(1980-
2010) 
Emission 
scenario 
2030 2060 
CO2 
(ppm) 
% change 
rain from 
base period 
CO2 
(ppm) 
% change 
rain from 
base period 
DJF 14.9 362 A2 451 -10 580 -5 
   B1 437 -14 509 6 
MAM 158.9 362 A2 451 0 580 1 
   B1 437 3 509 3 
JJA 476.7 362 A2 451 2 580 2 
   B1 437 0 509 3 
SON 172 362 A2 451 -4 580 2 
   B1 437 -4 509 1 
Source: (IPCC 2001a; Karmalkar et al. 2010, p. 4)  
 
Climate change has potentially both positive and negative impacts on crop production but salinity is 
expected to have a substantial negative effect. The impact of salinity, in particular on DS and EWS 
crops, was assessed across historical (2004-2014) and two future (2030 and 2060) salinity scenarios. 
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In addition, a “no salinity” scenario was used to separate out the offsetting effects of climate change. 
Both the “with-” and “without-salinity” scenarios were developed for the DS and EWS crops as soil 
and water salinity substantially affect the crops grown in those seasons. However, only the “without-
salinity” scenario was developed for WS rice. This is because the crop is essentially free from adverse 
salinity impacts as soil and water salinity fall to very low levels in the WS after the commencement 
of monsoon precipitation.  
The Bangladesh Soil Resources Development Institute (SRDI) has recorded reliable monthly mean 
soil salinity data for Batiaghata Upazila for 2004-2014 (Figure 10.3a). Due to the unavailability of 
recorded soil salinity data for Dacope Upazila, the Batiaghata data were entered in the APSIM input 
files for modelling current impacts of salinity on DS rice and EWS rice, as APSIM has recently been 
enhanced to model the rice crop salinity response (Radanielson et al. 2016). The Batiaghata data were 
used with some confidence because the soil salinity level of this location was consistent with one 
year’s data collected from the case-study villages of in Dacope Upazila (presented in Chapters 5 and 
7). The soil salinity level for Batiaghata was below the threshold level for most current rice/non-rice 
DS crops. The impact of salinity on other DS crops such as maize, sunflower, and wheat was assessed 
through a custom-developed salinity response function, applied to APSIM outputs (as discussed in 
Section 10.2.4), as the model does not currently attempt to simulate salinity impacts on those crops.   
However, the extrapolation of future (2030 and 2060) soil salinity scenarios is extremely difficult, 
mainly because the trend analysis of historical soil salinity data (2004-2014) gives unclear results. 
This is because even the monthly DS soil salinity data for a given field on a specific date fluctuates 
widely from year to year due mainly to differences in rainfall around the soil sample collecting dates. 
No published studies of projected soil salinity levels were available at the time of conducting the 
analysis. However, an SRDI (2012) report suggests that soil salinity is not just a trend for one site; 
rather there is a spread in the soil salinity level across the coastal region that is significantly affecting 
crop choices. The report mentions that, not only has the total salinity-affected arable area in coastal 
Bangladesh been steadily increasing, but also the areas under the different levels of salinity (that is, 
S1 (2.0-4.0 dS/m), S2 (4.1-8.0 dS/m), S3+S4 (8.1-16.0 dS/m) and S5 (>16.0 dS/m)) have significantly 
changed over time. The overall salinity-affected area of all classes (S1+S2+S3+S4+S5) has increased 
to around 63% of the total coastal arable land in 2009 from around 49% in 1973. The extent of 
moderate (S3+S4) to high (S5) saline areas is increasing (about 15% in 1973 to 43% in 2009) while 
the extent of low (S1+S2) saline areas is decreasing (about 85% in 1973 to about 57% in 2009) (SRDI 
2012 p. 6). Besides, salinity intrusion will be further elevated during the current century due to sea-
level rise in Bangladesh (WB 2013b).  
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These data indicate that the overall salinity-affected area in coastal Bangladesh is increasing, that 
less-saline areas are becoming more saline, and that these trends will continue, with potentially larger 
impacts on cropping than climate change. In the modelling reported here, a 10% increase in soil 
salinity level over the next 15 years to 2030 was assumed, followed by a further 10% increase over 
the next 30 years to 2060 (Figure 10.3b). Since the completion of this analysis, Dasgupta et al. (2015) 
employed an econometric model to project that soil salinity in Khulna will likely increase between 9-
11% in 2030 and 26-33% in 2050 under low and high salinity scenarios. The model gives due 
consideration to river water salinity, annual flooding, water table infusion, precipitation, and 
temperature. Hence the assumptions used in the modelling reported here, while crude, are close to the 
subsequent predictions of Dasgupta et al. (2015) and reflect the likely adverse trends.  
 
APSIM does not simulate salinity impacts on dry season crops such as wheat, maize, and sunflower, 
as mentioned earlier. Hence, reported crop responses from the literature were used to derive salinity 
response functions for maize, wheat, and sunflower using linear regressions (Fig. 10.4). The data used 
were based on published studies which evaluated salinity impacts on grain yields and straw biomass. 
The salinity response functions in Figure 10.4 were combined with average soil salinity levels (dS/m) 
during the growth of the crops given a range of possible planting dates to estimate percentages of 
salinity-free yields (Table 10.4).  This was done by estimating the average period of crop growth for 
each planting date, then estimating the average salinity level to which the crop was exposed (as shown 
in Fig. 10.3) and then finally reading the associated yield reduction percentage from the appropriate 
graph in Fig. 10.4. These percentages were applied to the APSIM-simulated yields and straw biomass 
for maize, wheat, and sunflower to derive the grain yield loss of the crops due to salinity across the 
three salinity scenarios (historical, 2030 and 2060). 
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Figure 10.3: (a) Historical (2004-2014) soil salinity at Batiagata, Khulna, including season-to-
season variability and (b) assumed future soil salinity for 2030 and 2060 at same location The blue 
line represents the historical data as in Panel (a) 
Source: SRDI (2015).   
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Figure 10.4: Relative yield responses to salinity for dry-season crops 
Sources of data: wheat (Francois et al. 1988; Van Hoorn et al. 1993; Akram et al. 2002; Katerji et 
al. 2003; El-Hendawy et al. 2005), maize (Katerji et al. 1996; Katerji et al. 2003) and sunflower 
(Katerji et al. 1996; Katerji et al. 2003) 
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Table 10.4: Average soil salinity levels during the growth period of maize, wheat and sunflower 
sown at different dates and the derived percentages of non-saline yield of the crops at those sowing 
dates across three salinity scenarios  
Source: Author’s estimation based on derived salinity response functions in Figure 10.4 
 
Modelling the performance of rice-based cropping systems under future climatic and environmental 
conditions is critically important to minimizing risks, developing suitable technologies, and 
identifying appropriate adaptation options for the coastal regions of Bangladesh. Crop simulation 
modelling can help manage crops in a better way, identifying suitable adaptation strategies and 
developing climate resilient technologies to minimize the impacts and manage climatic risks (Kumar, 
2013). A range of models, namely, ORYZA1 (Kropff et al. 1995), ORYZA 2000 (Bouman and Van 
Laar 2006), CERES-Rice (Godwin and Singh 1991), WOFOST (Van Keulen and Wolf 1986), 
WARM (Confalonieri et al. 2006), CERES-Maize and Sorghum (Kiniry and Bockholt 1998), 
CROPGRO-legumes (Boote et al. 1998), and CropSyst (Stöckle et al. 2003) have been designed and 
Sowing date 
Nov
15 
Nov
26 
Dec
07 
Dec
15 
Dec
25 
Jan 
05 
Jan 
15 
Jan 
30 
Feb 
28 
Mar
31 
Apr
30 
 Historical salinity levels (dS/m)   
Wheat 3.7 4.1 4.5 4.8 5.3 5.3 5.3 5.2 4.8 4.9 4.5 
Maize 4.1 4.6 4.9 4.9 4.9 5.3 5.3 5.0 4.8 4.8 4.5 
Sunflower 3.7 4.1 4.5 4.8 5.3 5.3 5.3 5.2 4.8 4.9 4.5 
 % of salinity free yield 
Non salt tol. wheat  78 75 70 66 61 61 61 62 66 65 69 
Salt tolerant wheat 98 97 96 95 94 94 94 94 95 95 96 
Maize 84 81 78 78 78 75 75 77 79 79 81 
Sunflower 99 97 95 93 91 91 91 91 93 93 95 
 Salinity levels (dS/m) in 2030 
Wheat 4.1 4.5 4.9 5.3 5.8 5.8 5.8 5.7 5.2 5.4 5.0 
Maize 4.5 5.0 5.4 5.4 5.4 5.8 5.8 5.5 5.2 5.2 5.0 
Sunflower 4.1 4.5 4.9 5.3 5.8 5.8 5.8 5.7 5.2 5.4 5.0 
 % of salinity free yield 
Non salt tol. wheat  74 70 65 60 54 54 54 56 61 60 64 
Salt tolerant wheat 97 96 95 94 92 92 92 92 94 93 95 
Maize 81 77 74 74 74 71 71 73 76 76 78 
Sunflower 97 95 92 90 88 88 88 88 91 90 92 
 Salinity levels (dS/m) in 2060 
Wheat 4.5 4.9 5.4 5.8 6.3 6.3 6.3 6.2 5.7 5.9 5.4 
Maize 5.0 5.5 5.9 5.9 5.9 6.3 6.3 6.0 5.7 5.7 5.4 
Sunflower 4.5 4.9 5.4 5.8 6.3 6.3 6.3 6.2 5.7 5.9 5.4 
 % of salinity free yield 
Non salt tol. wheat  70 65 59 55 48 48 48 50 56 54 59 
Salt tolerant wheat 96 95 93 92 90 90 90 91 92 92 93 
Maize 78 74 71 71 71 67 67 70 72 72 74 
Sunflower 95 93 90 88 85 85 85 85 88 87 90 
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applied for simulating single crops like rice, wheat, and sorghum. However, these models demonstrate 
limited applicability to simulate diverse cropping systems and sequences including pulses 
(mungbean, field peas, etc.), oilseeds (sunflower, canola, and soybean) and a range of pastures 
(lucerne and clovers) (Gaydon et al. 2012c). Although some models such as RIWER (Jing et al. 2010), 
FAO’s CROPWAT, and DSSAT (Jones et al. 2003) have been used to simulate rice-based crop 
rotations, they are relatively inflexible. The models are incapable of simulating the performance of a 
wide variety of cropping system options (diverse crop species, cropping sequences, fallowing 
practices, irrigated and rainfed conditions, and different fertilizer practice) and environmental impacts 
(Gaydon et al. 2012a; Gaydon et al. 2012c). 
The Agricultural Production Systems sIMulator (APSIM, Holzworth et al. 2014) is a modular 
simulation framework which was developed in Australia and widely applied there, as well as in some 
African (Kenya, Malawi, Zimbabwe, South Africa) and Asian (India, Bangladesh, Indonesia, China) 
countries for simulating performance of diverse cropping systems, cropping sequences and rotations, 
fallowing, and crop and environmental dynamics. APSIM is capable of simulating biophysical 
processes in farming systems (crop and pasture production in relation to soil, climate, genotype and 
management factors, residue decomposition, soil water balance, N and P transformations, soil pH, 
erosion), and long-term impacts of climate change on the farming systems, particularly the 
biophysical factors which drive economic and ecological outcomes of management practices in the 
face of climate risks (McCown et al. 1996; Carberry et al. 2002; Robertson et al. 2002; Keating et al. 
2003; Verburg et al. 2003; Roth et al. 2009; Whitbread et al. 2010; Gaydon et al. 2012b; Gaydon et 
al. 2012c). Most importantly, APSIM Version 7.5 is capable of simulating environmental risks, in 
particular implications of salinity for the rice crop (Radanielson et al. 2016). APSIM has been used 
to support on-farm decision making, design farming systems for production or resource management 
objectives, assess the value of seasonal climate forecasting, and undertake analysis of supply chains 
in agribusiness activities and risk assessment for government policy making. 
The APSIM modelling framework consists of (i) a set of biophysical modules that simulate biological 
and physical processes in farming systems, (ii) the management modules that control the scenario 
simulation through specifying the management rules, (iii) other modules that provide input and output 
data for simulation, and (iv) the simulation engine that drives the simulation process and controls all 
messages passing between the independent science modules (Keating et al. 2003 pp. 267-268). 
Moreover, versatility in the programming options for APSIM allows the user to incorporate farmer 
decision making, change the simulation scenario through modification of management windows, 
incorporate detailed biophysical simulation results with minimal effort, and present simulation 
outcomes in various formats for farmers and others. These features are identified as particular 
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strengths (Roth et al. 2009) and have been addressed and improved by (Gaydon et al. 2012a; Gaydon 
et al. 2012c). 
APSIM was applied in this study with the collaboration of Dr Donald Gaydon of CSIRO. Using data 
provided by the author, Dr Gaydon ran the model to simulate the implications of historical and 
forecast climate and salinity variables on yield, life span, evapotranspiration, and irrigation 
requirements of the ten cropping systems investigated. The historical meteorological data for Khulna 
presented in Fig. 10.2 were used to parameterise the model. Sunshine hour data were converted into 
radiation using the method reported by (Şen 2001) and (Ahmed et al. 2009). The soil characteristics 
data presented in Table 10.5 were also used as input for the model. Soil data for Dacope were assumed 
to represent both villages because, as reported in Chapters 5 and 7, most soil chemical properties were 
consistent between the villages, except for DS soil salinity. Farmers’ management practices including 
sowing dates, field preparation, and fertilizer application were obtained from interviews, as reported 
in Chapters 6 and 8. Recommended practices were obtained from the Bangladesh Agricultural 
Research Institute (BARI 2014) and Bangladesh Rice Research Institute (BRRI 2013). For calibration 
of crop varieties in this study, the calibrations already used in the Adaptation to Climate Change in 
Asia (ACCA) project were applied. This process is described in detail in the ACCA Final Report 
(Roth et al. 2015) and (Gaydon 2013).  
As farmers’ crop management practices were applied in the model, the validation of simulation 
outcomes was gauged using farm-level data collected during the case studies. In particular, APSIM 
simulations for the last 30 years (1984-2013) of yields for WS rice, EWS rice, DS rice, maize, 
sunflower, and wheat incorporated in the different cropping systems in Table 10.1 were compared 
with farmers’ reported yields. In addition, variability in crop yields from APSIM simulations was 
compared with farmers’ estimated worst, typical, and best yields. The worst seasonal yield was the 
average of the lowest 20% of simulated yields, typical seasonal yield was the average of the middle 
60% of simulated yields, and the best seasonal yield was the average of the best 20% of simulated 
yields.  
Figure 10.5 shows that the APSIM-simulated and farmer-estimated typical seasonal grain yields and 
the seasonal variability of yields under different cropping systems were quite consistent. Hence it can 
be confidently claimed that the model simulates realistic outcomes both for historical and future 
conditions (Gaydon 2016). As APSIM does not simulate the effects of pests and diseases, which the 
farmer estimates will invariably include, the fact that APSIM usually simulated slightly higher yields, 
and with less variability, is to be expected. 
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Table 10.5: Soil characteristics in the Dacope study location  
Depth 
(cm) 
BD (g/cc) 
AirDry 
(mm/mm) 
LL15 
(mm/mm) 
DUL 
(mm/mm) 
Depth 
(cm) 
OC (Walkley 
Black %) 
pH 
(1:5) 
0-15 1.426 0.128 0.255 0.385 0.461 0.90 7.5 
15-30 1.418 0.204 0.255 0.388 0.440 0.70 7.8 
30-60 1.422 0.255 0.255 0.388 0.427 0.50 7.7 
60-90 1.409 0.255 0.255 0.393 0.433 0.20 7.7 
90-120 1.398 0.255 0.255 0.397 0.436 0.06 7.7 
120-150 1.388 0.255 0.255 0.398 0.444 0.03 7.7 
BD – bulk density; AirDry – soil moisture content when dried in air; LL15 – equilibrium 
volumetric soil moisture content under an applied suction of 15 bar; DUL – soil field capacity; 
Depth – soil layer depth; OC- organic carbon. Source: Adapted from Roth et al. (2015) 
 
The APSIM model was then applied to simulate impacts of changes in climate and salinity on the 
major crops (rice, maize, wheat, and sunflower). As indicated above, the model is incapable of 
simulating yields for some of the existing DS crops such as watermelon, pumpkin and aquaculture 
(shrimp and fish). Similarly, (Ramos et al. 2011) and (Kumar 2013) reported that assessing the 
implications of climate change for horticultural crops (vegetables, fruits, herbs and flowers) is 
critically important but the information on the relationships between climate change and horticultural 
crops is unavailable, nor can models simulate these relationships. Hence yields of watermelon, 
pumpkin, shrimp and fish under changed future conditions have been based on previous published 
and unpublished research as well as the perceptions of key informants and expert personnel 
experienced in coastal farming systems (see Chapter 9). The basis for these estimates is discussed 
together with the presentation of results in the following section. 
 
 
262 
 
Figure 10.5: Comparison between APSIM-simulated and farmer-estimated grain yields for different 
cropping systems. Error bars indicate variability around mean of simulated yields (30 years). 
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This section analyses the effects of climate change and salinization on yields of crops in the ten 
existing and potential cropping systems under farmers’ current practice, that is, in the absence of any 
adaptation. Results are all modelled results, using the APSIM model and projected future climate 
changes, and hence are accepted as the best available estimates for the purpose of this analysis. 
 
APSIM was applied to simulate the yield of WS (wet-season) rice across the five climate scenarios. 
The salinity impact on WS rice was not included in the simulation modelling as the rice crop is 
currently effectively free from salinity impacts and is anticipated to be free from such impacts in the 
future.  
The modelling outcomes indicate limited impacts on WS rice yield until 2060. As shown in Figure 
10.6, the overall impact on yield was relatively slight, nor was there a pronounced difference between 
the pessimistic (A2) and optimistic (B1) climate scenarios. Table 10.6 shows that yield loss of WS 
rice in the four future scenarios was only 3-5% of historical yield. This was due to a combination of 
reduced life span and increased heat-related grain sterility, even in the face of the positive effect of 
increased atmospheric CO2. In some cropping systems (P4, P5, P9, P10), simulated yields under the 
pessimistic scenario in 2060 were slightly higher than historical yields, presumably because the 
fertilizer effects of increased atmospheric CO2 more than offset the small yield loss due to increased 
temperature. Also, the maximum temperatures in 2060 were still below the thresholds for the 
reproductive phase of the crop. 
The variation in rice yield between cropping systems was due to variation in the date of planting and 
availability of residual fertilizers. Figure 10.6 shows the yield of WS rice was higher in the cropping 
systems with only two crops such as P1, P2 and P6 compared with the cropping systems involving 
three crops such as P4 and P5 across the five climate scenarios. When WS rice is incorporated in a 
two-crop system it can take up residual nutrients from the preceding DS crop (e.g., watermelon, 
pumpkin, or shrimp) while in the three-crop system the crop duration of the photoperiod-sensitive 
WS rice varieties is shortened by 1-2 weeks due to transplanting delay and the fact that EWS rice 
leaves less fertilizer in the soil. 
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Figure 10.6: APSIM simulated historical (1984-2013) and future (2030 and 2060) yield of wet 
season rice under pessimistic (A2) and optimistic (B1) climate scenarios. Error bars show 
variability of seasonal grain yield around the mean (30 years).   
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Table 10.6: The simulated effect of climate change on grain yield of wet season rice for 2030 and 
2060 under the pessimistic (A2) and optimistic (B1) climate change scenarios 
Cropping system 
  
2030 2060 
A2 B1 A2 B1 
% change relative to historical (1984-2013) yield 
P1: Rice/watermelon/fallow -2 -4 0 -3 
P2: Rice/fallow/fallow -3 -3 -2 -3 
P3: Rice/watermelon/rice -2 -3 1 -2 
P4: Rice/pumpkin/fallow -3 -6 1 -6 
P5: Rice/pumpkin/rice -3 -5 2 -5 
P6: Rice/shrimp/shrimp -1 0 0 -1 
P7: Rice/rice/fallow -3 -4 -5 -5 
P8: Rice/maize/fallow -3 -5 -4 -5 
P9: Rice/sunflower/fallow -1 -2 2 -1 
P10: Rice/wheat/fallow -3 -5 -4 -5 
 
 
The modelling results indicated that 2030 conditions had minimal impacts on the yield of DS rice and 
2060 conditions caused only a slight yield loss (3-6%) (Figure 10.7). The yield variation between the 
pessimistic (A2) and optimistic (B1) emission scenarios was also not pronounced. Though the 
maximum temperature in the 2060 climate scenarios rises to near the threshold level during the critical 
or reproductive phase, the yield loss was not severe. This can perhaps be explained by the adverse 
effects of climate change being offset by the positive effects of increased atmospheric CO2 and 
precipitation during the reproductive phase. The additional CO2 provides a fertilizer effect and the 
extra precipitation creates favourable conditions to take up soil nutrients and reduces soil salinity and 
moisture stress. By comparison, a World Bank study using the DSSAT model projected that irrigated 
DS rice yields in South Asia are likely to increase by 1.4-2.4% by 2050 (Nelson et al. 2010b). Given 
the similarity of these findings to the APSIM results, and considering that the results reported here 
are locally parameterised and also include the salinity effect on rice (which the DSSAT study did 
not), the APSIM results appear plausible. 
However, as shown in Figure 10.7, with historical climate in the absence of salinity, yield would 
increase by about 2.3 t/ha. Climate change without salinity gives 1.8-1.9 t/ha higher yield for the 2030 
climate scenarios and 2.0-2.1 t/ha higher yield for the 2060 climate scenarios, compared with yields 
in the saline environment for the same scenarios. Thus yield loss due to salinity was 68% for the 
historical climate scenario and 52-63% across the four future climate scenarios. The results indicate 
that salinity was responsible for substantial yield loss under the farmers’ management practice 
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(planting date, fertilizer rate, and irrigation). This result is consistent with the perception of key 
informants that salinity is the crucial bottleneck for DS rice in the coastal lands.  
 
Figure 10.7: APSIM simulated yield of dry season rice with and without salinity across the five 
climate scenarios  
 
 
Figure 10.8 presents yields of EWS rice under farmer management with and without salinity across 
the five climate scenarios. Considering the yield with salinity scenarios first, even under the farmers’ 
current practice, EWS rice performed better (13-25% higher yield) across the four future climate 
scenarios than currently. Even so, the negative salinity impact on the yield of EWS rice is substantial. 
Under the farmers’ current management, climate change in a non-saline environment gave 39-45% 
higher yield than climate change with salinity. This indicates that, with crop management remaining 
constant, yield loss due to salinity is 1.2-1.3 t/ha across the four future climate scenarios. It was also 
the case that yield loss due to salinity under the historical climate was 1 t/ha. These results indicate 
that salinity is the crucial bottleneck for rainfed EWS rice under farmers’ current cropping practices. 
Conversely, if salinity could somehow be removed from the cropping environment or a salt-tolerant 
variety could be introduced, the yield gain could be substantial. Nelson et al. (2010b) reported that 
rainfed rice yields in South Asia are likely to increase by 8-10% by 2050. 
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Figure 10.8: APSIM simulated yield of early wet season rice with and without salinity across the five 
climate scenarios  
 
 
Maize, sunflower, and wheat were identified as potential DS crops in the face of decreased access to 
freshwater irrigation, elevating soil and water salinity, and increased climatic risks. The key features 
of the potential crops are that they are significantly less irrigation-intensive than DS rice, require less 
fertilizer and pesticide than the major existing DS crop (watermelon), and maize and sunflower are 
relatively tolerant to drought, pests and diseases, and salinity. This section analyses the yield of maize, 
sunflower, and wheat across the five climate scenarios, with and without salinity. APSIM simulated 
the yield of the three crops across the five climate scenarios with current cropping practices. The 
salinity impacts on the crops were then assessed through subsequent application of the salinity 
response functions (see Section 10.2.4).  
(a) Maize 
Figure 10.9 shows the simulated effects of climate and salinity on maize yields with farmer 
management across the five climate scenarios. Compared with historical climate, yield increases by 
0.7-0.8 t/ha (15-16%) in the 2030 scenarios and 1.0-1.4 t/ha (22-27%) in the 2060 climate scenarios. 
The yield differed little between the pessimistic (A2) and optimistic (B1) climate scenarios. The 
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results indicate that net effect of climate change and salinization on maize yield is positive but there 
was an increase in seasonal variability. Figure 10.9 also shows that, in the absence of salinity, maize 
yield was significantly higher across all climate scenarios compared with yields in the saline 
environment for the same scenarios. This indicates that the yield loss due to salinity was about 27% 
(1.4 t/ha) under historical conditions, 38% (2.1-2.2 t/ha) in 2030, and 45% (2.8-2.9 t/ha) in 2060.   
Challinor et al. (2013) collated a wide range of published simulated data sets on projected changes to 
yields of major crops. They found a generally decreasing trend for maize yields in tropical regions, 
however the cloud of points also indicated numerous studies which suggested increased maize yields, 
as per the results reported here. Changes in atmospheric concentration of CO2 directly affect growth 
and productivity of maize, in addition to the effect of changes in other climate variables. Maize yield 
has been reported to increase by 9-15% in a CO2-enriched atmosphere as water use efficiency (WUE) 
of maize dramatically increases (Xiong et al. 2007). The APSIM-Maize parameterisation and 
calibration for this study used the latest data from the AgMIP project for maize (Bassu et al. 2014), 
local climate data, and local farmer management rules, giving confidence to the predictions. Of 
course, the APSIM simulations do not make any assumptions about changes to irrigation water 
availability in future climates – water is assumed to be non-limiting. 
 
 
 Figure 10.9: APSIM simulated yield of maize with and without salinity across the five climate 
scenarios   
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(b) Sunflower  
Figure 10.10 provides a summary assessment of the effects of climate and salinity on sunflower yields 
with farmer management across the five climate scenarios. Compared with historical climate, yield 
decreased by 0.2-0.3 t/ha (7-10%) in 2030 and 0.3-0.5 t/ha (17%) in 2060. The yield differed little 
between the pessimistic (A2) and optimistic (B1) scenarios. The results indicate that the net effect of 
climate change and salinization on average yield was relatively slight. It was also the case that in the 
absence of salinity, sunflower yield was up by about 10-18% across all five climate scenarios. This 
indicates that the yield loss due to salinity was about 0.3-0.4 t/ha. These results suggest that sunflower 
is relatively less sensitive to salinity compared with other crops such as DS rice, maize, and EWS 
rice. The estimated increase in yield in the absence of salinity contrasts with the findings of Lee and 
Six (2010) using the DAYCENT simulation model. They projected that sunflower yield in the Central 
Valley of California would decrease by 27% under the A2 emission scenario by 2097 in comparison 
to 2009. However their finding is for a different initial climate to that in Bangladesh. It is considered 
that the APSIM results are plausible as the model was locally parameterised and validated using 
locally observed sunflower yields. 
 
Figure 10.10: APSIM simulated yield of sunflower with and without salinity across the five climate 
scenarios  
(c) Wheat  
The yield of both the salt-tolerant and non-salt-tolerant varieties of wheat was simulated across the 
five climate scenarios with and without salinity. The response of both varieties to climate change was 
2.66 2.41 2.47 2.21 2.332.94 2.75 2.83 2.61 2.76
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
(1984-2013) A2 B1 A2 B1
Historical 2030 2030 2060 2060
S
u
n
fl
o
w
er
 g
ra
in
 y
ie
ld
 (
t/
h
a
)
Climate scenarios
With salinity With no salinity
Note: Error bars show seasonal grain yield variability around the mean (30 years). Dotted line shows 
difference between historical yields with salinity and other yileds with and in absence of salinity
 
 
270 
the same; however, the sensitivity of the non-salt-tolerant variety to salinity was substantial, with a 
decline of 48-54% across the future scenarios (Table 10.4). Hence only the yield of the salt-tolerant 
variety is discussed in this section.  
Figure 10.11 shows that there was a slight yield loss (6-8%) for the 2030 scenarios but the yield loss 
increased to 18% under the pessimistic (A2) climate scenario in 2060. The yield variation between 
the pessimistic (A2) and optimistic (B1) emission scenarios was not pronounced. Figure 10.11 also 
shows that the yield in the absence of salinity was slightly higher than with salinity. The yield loss 
due to salinity under the historical climate was 7% (0.1 t/ha), slightly increasing to 9% (0.2 t/ha) in 
2030 and 11% (0.2 t/ha) in 2060. These results indicate that climate and salinity impacts on salt-
tolerant wheat would not be severe through to 2060. Nelson et al. (2010b) projected that yield loss of 
irrigated wheat in South Asia would be 38-48% by 2050. However this finding is general to South 
Asia whereas the APSIM results reported here are specific to Bangladesh and with a salt-tolerant 
wheat variety. Hence the results are plausible.    
 
Figure 10.11: APSIM simulated yield of salt-tolerant wheat with and without salinity across the five 
climate scenarios  
 
The performance of vegetable and fruit crops is more sensitive to changes in climate than that of grain 
and oilseed crops. The minimum growing temperature, acceptable temperature range, and optimal 
temperature range determine the suitability of a given vegetable crop to a climatic zone (Ramos et al. 
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2011 citing Hatfield et al. 2008; Table 10.7). Weather events (e.g., high temperatures, cold waves, 
and heavy rain) can substantially damage most horticultural crops in India, adversely affecting farm 
and rural household income and causing market prices to fluctuate (Kumar 2013). Similarly, Ramos 
et al. (2011) report that, in the current century, rising temperatures may increase pathogens, pests, 
and weed problems in the horticultural crops, while heavier rainfall may increase field flooding, soil 
compaction, and crop losses due to anoxic conditions for roots, and disease problems associated with 
the wet conditions. In addition, the increased temperature outside the optimal range might change the 
growing periods, create greater evaporative demand, and cause pollination problems in horticultural 
crops, leading to reduced yields and crop quality (Deuter 2008; Ramos et al. 2011).  
Table 10.7: Classification of climate and associated temperature ranges for vegetable crops 
Climate 
classification 
Minimum 
temperature  for 
growth (°C) 
Acceptable 
temperature range 
for growth (°C) 
Optimal 
temperature for 
yield (°C) 
Crops 
Hot 15 18-35 25-27 
Watermelon, okra, 
sweet potato 
Warm 10 12-35 20-25 
Tomato, cucumber, 
pumpkin, squash 
Adapted from Ramos et al. (2011, p.60, citing Krug 1997) 
Figure 10.2 and Table 10.2 above show historical mean monthly minimum and maximum 
temperatures in Khulna District during the dry season (mid-February-May) of 16 and 35°C. These 
are consistent with the acceptable temperature range for the growth phase of watermelon and 
pumpkin. However, the historical mean monthly temperature in Khulna during the reproductive phase 
of watermelon and pumpkin (April) was 30°C which is 3-5°C higher than the optimal temperature 
for these crops (Dr A T M Masud, BARI, personal communication). Besides, UNDP projected that 
mean monthly seasonal temperature during the March-May season in Bangladesh will rise in 2030 
by 0.9°C (A2 scenario) and 0.8°C (B1 scenario) and in 2060 by 2.0°C (A2) and 1.3°C (B1) (Table 
10.3). Hence the mean monthly seasonal temperature across the 2060 climate scenarios is very likely 
to exceed both the optimal growth and reproductive temperature range for vegetable crops in the 
country. Only a several degree rise in temperature above the threshold level can substantially affect 
reproductive development (pollen release and fruit set) and efficacy (pollen viability) for many 
vegetables, and create physiological disorders (Ramos et al. 2011). It can be concluded that rising 
temperatures might become a critical bottleneck for growing vegetables in coastal land after mid-
century.  
In addition, AVRDC (1990) reported that vegetable crops may not be tolerant of saline soils. 
However, the danger levels of salt concentration in the soil vary with soil texture and the tolerance of 
 
 
272 
the crops to salinity. The salt-sensitive crops may be damaged on sandy soils at 0.02% (mass/mass) 
salt, while the corresponding limits for heavy clay soil could be as high as 0.1%. In addition, 
increasing salts in the soil reduces the availability of soil moisture to plants, so crops grown in saline 
soils need more frequent irrigation than the same crops in normal soils. The vegetable crops that can 
tolerate soils with 0.6% salt are considered salt-tolerant crops but the climatic conditions may 
influence profoundly the reaction of plants to salinity. Thus, the choice of salt-tolerant varieties and 
strains will depend on the local climatic conditions (Allison et al. 1954). Tables 10.8 and 10.9 present 
relative salt tolerance and percent yield decrease due to salinity of selected vegetable crops.  
Table 10.8: Relative salt tolerance of vegetable crops at 25°C  
Salt tolerance Crops 
Non-tolerant        
(EC 2-4 dS/m) 
Lima bean, Green bean, Celery 
Somewhat tolerant 
(EC 4-6 dS/m) 
Tomato, Broccoli, Cabbage, Pepper, Lettuce, Sweet corn, Potatoes, 
Carrot, Onion, Peas, Watermelon, Cantaloupe, Squash, Cucumber 
Moderately tolerant 
(EC 6-8 dS/m) 
Garden beet, Kale, Spinach, Okra 
Highly tolerant  
(EC 8-12 dS/m) 
Asparagus 
Source: Adapted from AVRDC (1990, p. 80 ) 
Table 10.9: Estimated yield decrease of selected vegetable crops at different levels of soil salinity  
Crop Percentage yield decrease 
 10% 25% 50% 
 Soil salinity (EC dS/m) 
Beet 5.1 6.8 9.6 
Broccoli 3.9 5.5 8.2 
Tomato 3.5 5.0 7.6 
Cucumber 3.3 4.4 6.3 
Muskmelon 3.6 5.7 9.1 
Spinach 3.3 5.3 8.6 
Potato 2.5 3.8 5.9 
Sweet corn 2.5 3.8 5.9 
Sweet potato 2.4 3.8 6.0 
Pepper 2.2 3.3 5.1 
Carrot 1.7 2.8 4.6 
Source: Adapted from Hartmann et al. (1981, p. 189) 
Colla et al. (2006) reported that total fruit yield and mean fruit mass of watermelon are significantly 
affected by salinity levels ranging from 2.0 to 5.2 dS/m (Colla et al. 2006). The historical (2004-2014) 
mean monthly soil salinity level in Batiaghata, Khulna, during the DS cropping period (February-
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May) was higher than this at 4.4-7.1 dS/m (Figure 10.2). It was also the case that the assumed soil 
salinity levels across 2030 (4.48-7.81 dS/m) and 2060 (5.16-8.52 dS/m) were higher than the 
threshold soil salinity level for the somewhat salt-tolerant vegetable crops (Figure 10.2 and Table 
10.8). Key informants felt that the effect of climate change and salinization on watermelon and 
pumpkin would be substantial, with watermelon affected more than pumpkin. It was thought that the 
yield loss of pumpkin due to salinity might be less than that of watermelon as pumpkin is relatively 
drought tolerant and somewhat salt tolerant. 
Based on these considerations, the estimated historical and extrapolated performance of watermelon 
and pumpkin across five climate scenarios is presented in Figure 10.12. It was assumed that 
watermelon yield would decrease by 12-15% in 2030 and a further 25-30% in 2060, while pumpkin 
yield would decrease by 7-10% in 2030 and a further 12-15% in 2060.  
 
 
Figure 10.12: Farmers’ estimated historical and extrapolated performance of watermelon and 
pumpkin across four future climate scenarios 
 
 
There were few data on which to base the extrapolation of shrimp and fish yields. Aquaculture experts 
in Bangladesh commented that the yield of brackish water shrimp and fish in coastal regions may not 
decrease, despite rising temperature. Rather shrimp and fish yields may increase by about 15-20% in 
2030 due to the adoption of autonomous and planned adaptation strategies by farmers. Moreover, it 
was reported that there is significant potential to further enhance the productivity of black tiger shrimp 
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(Penaeus monodon) through improving cultural practices (feed and management) (Norman-Ĺopez et 
al. 2015).  
Based on these observations, it was extrapolated that per hectare yields of cultured shrimp and fish 
would likely be unchanged until 2060 under farmers’ current practice but would increase by about 
20% in 2030 over the farmers’ estimated typical seasonal yield in 2012-2013 due to the adoption of 
adaptation strategies and increased access to tidal water because of sea-level rise. However, it was 
anticipated that the growth in productivity of cultured shrimp and fish would slow after 2030 due to 
harsher climate (especially rising temperatures), despite improvement in cultural practices. Hence a 
further increase of about 10% over 2030 yields was assumed by 2060. 
 
As shown in Chapter 9, as farmers become aware of changes in climate and salinity, they adapt their 
cropping systems where possible. Two types of adaptation were included in the modelling – changing 
nitrogen fertilizer application rates and crop planting dates. This section analyses these adaptation 
options across the five climate scenarios, assuming on-going salinization of the environment as 
estimated in Section 10.2.3.  
 
The key informants mentioned that farmers mostly follow their own experience-based fertilizer 
management for cropping. Moreover, there was large variation between researchers’ recommended 
fertilizer doses and farmers’ practice in the farm budgets discussed in Chapters 6 and 8. Scientists 
often claim that the recommend fertilizer practices may reduce the yield gap in the country. Hence 
the effect on crop yields of a 10% and 20% increase in nitrogen application over farmers’ practice 
were simulated, along with the dose recommended by researchers for each crop. The modelling 
results show that most rice and non-rice crops respond to the increased nitrogen doses, except maize. 
Hence maize is not discussed further in this section. The question of whether the yield responses were 
economic for farmers is deferred to Chapter 11. 
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Figure 10.13: Grain yield of wet-season rice under farmers’ practice and increased nitrogen doses 
across climate scenarios – (a) historical (1984-2013); (b) 2030 (mean of A2 and B1); and (c) 2060 
(mean of A2 and B1). Note: Bangladesh Rice Research Institute (BRRI) recommended nitrogen was 
133% higher than farmers’ practice for P3 and P4 and 6% higher than farmers’ practice for other 
cropping systems.   
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Figure 10.13 shows that the yield of WS rice in most cropping systems responds positively to a 
20% increase in the nitrogen dose over farmers’ practice. The yield increased 1-7% with a 10% 
nitrogen increase and 2-13% with a 20% nitrogen increase across the five climate scenarios. Not 
surprisingly, WS rice within the two-crop systems (P1, P3, P6, P8, P9 and P10) responds more to 
nitrogen than within the one-crop and three-crop systems (P1, P3 and P4) due to variation in the 
residual fertilizer. The BRRI recommended doses were about 133% higher than farmers’ practice in 
P3 and P4, and 6% higher than farmers’ practice in the other cropping systems. The recommended 
doses produced a positive yield response in P2 and P4, but in P1, P3, P7 and P8 the response was 
zero or even negative, perhaps reflecting that there is enough nitrogen available in the fields for 
these cropping systems. 
Figure 10.14 shows that yield of EWS rice responds only slightly to a 10% nitrogen increase but not 
to a further 10% and not at all or even negatively to BRRI recommended nitrogen (in this case, a 
30% increase). A 10% nitrogen increase gave 3-5% higher yield across all the climate scenarios but 
5-7% lower yield with the recommended nitrogen. This may be because there was enough nitrogen 
in the field already, hence the additional nitrogen increased vegetative growth but produced lower 
grain yield than with the farmers’ practice. The agricultural officer of Dacope Upazila explained 
that there is plenty of residual fertilizer in the soil after harvesting the fertilizer-intensive DS crops 
such as watermelon and pumpkin. In addition, the biomass of these crops adds nitrogen to the soil. 
The soil analysis gave results consistent with this perception, which was subsequently entered in the 
modelling. 
 
Figure 10.14: Grain yield of early wet-season rice under farmers’ practice and increased nitrogen 
doses across five climate scenarios 
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In contrast, DS rice yield responded markedly to increased nitrogen under all future climate scenarios, 
though not under historical climate conditions. Figure 10.15 shows that yield responses were very 
similar for all three nitrogen doses (7%, 10% and 20% increase over farmers’ practice) under each 
climate scenario. This may be because the nitrogen absorption process of the DS rice crop is affected 
by salinity under farmers’ current management, hence there is no further response beyond the 
recommended 7% increase in nitrogen but nor is there a negative biophysical impact of higher doses. 
The yields were 11-13% higher in 2030 and 24-26% higher in 2060, implying an interaction between 
climate change and nitrogen response, presumably due to the CO2 fertilisation effect.  
 
Figure 10.15: Dry-season rice under farmers’ practice and increased nitrogen doses across five 
climate scenarios 
 
In the case of sunflower, Figure 10.16 reveals that yields responded to both a 10% and a 20% increase 
in nitrogen. The yields were 3-10% higher across the five climate scenarios for a 20% increase in 
nitrogen over farmers’ practice. It was noteworthy that the yield response was somewhat reduced in 
the optimistic (B1) scenario, especially in 2060, due to less atmospheric CO2 than under A2. The 
BARI recommended dose, despite being 16% lower in total, gave 2-7% higher yields across the five 
climate scenarios. This was because researchers recommended applying half the nitrogen as a basal 
dressing and the remainder split into two equal top dressings, while the farmers applied less than one 
third as a basal dressing and the timing of their topdressings differed from the recommended timing. 
Thus the time of application is as important as the dose. 
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Figure 10.16: Sunflower grain yields under farmers’ practice and other nitrogen doses across five 
climate scenarios 
 
Figure 10.17: Wheat grain yields under farmers’ practice and other nitrogen doses across five climate 
scenarios  
 
The yield of salt-tolerant wheat responds positively to a 20% increase in nitrogen over farmers’ 
current practice (above Figure 10.17). The yields were 4-5% higher with a 10% nitrogen increase and 
8-9% higher with a 20% increase across the five climate scenarios. On the other hand, the BARI 
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recommended nitrogen dose for wheat was 8% lower than farmers’ current practice but the yields 
were 5-6% higher. Again, this was because the researchers’ recommendation was to apply two thirds 
of the nitrogen as a basal dressing and one third as a top dressing while the farmers split the nitrogen 
into three doses with application times that differed from the recommended times.  
 
Changing the planting date is a widely adopted climate-change adaptation option in the case-study 
villages. The key informants noted that farmers regulate the planting date of crops in order to fit the 
cropping system with the shift in wet season based on their own experience. However, farmers’ 
reported crop yields were mostly lower than the potential yields (Chapters 6 and 8). Hence the 
performance of the major rice and non-rice crops under various planting options was modelled to 
identify the most suitable adaptations across future climate conditions.    
(a) Wet season rice 
Coastal farmers now usually plant their WS rice crop around 2-3 weeks beyond the planting date 
recommended by the Bangladesh Rice Research Institute (BRRI) due to the delay in the WS 
(discussed in Chapter 9). Hence yields were simulated for early (15 July), recommended (1-15 
August), farmers’ practice (1-10 September), and very late (15 September) planting options. Figure 
10.18 shows that, following the recommended date, yield was 0.8 t/ha higher than with the farmers’ 
date under historical conditions, a penalty of 23%. However, the benefit of the recommended date 
decreased to 0.3-0.4 t/ha across the 2030 climate scenarios and there was little yield difference (0.1 
t/ha) for the 2060 climate scenarios.  
This result indicates that, while mean yields were very similar for all possible planting options across 
the five scenarios, the variability of yield was higher for the recommended planting date, reflecting 
the increased erraticism of the rainfall pattern. The early planting option gave consistent yield and 
less seasonal variability, hence may be a feasible way to enable earlier establishment of the following 
DS crop. In the simulations, however, there was an implicit assumption that water was available for 
nursery establishment on 15 July. In reality this may not always be the case. Conversely, even the 
very late planting option could be productive for three-crop systems but with the incorporation of 
delayed planting for suitable DS crops like pumpkin.    
 
 
280 
 
Figure 10.18: APSIM simulated yields of wet season rice under farmers’ current and possible planting 
options across the five climate scenarios   
 
 (b) Dry season rice  
Figure 10.19 shows that both early and late planting gave greater yield in all climate scenarios 
(including historical). The average yield benefit of the early planting (15 November-25 December) 
was 1.5-2.1 t/ha (45-65%), very late planting (28 February) was 1-1.7 t/ha (31-52%) and extreme late 
planting (31 March-30 April) was 2.6-3.3 t/ha (58-101%) compared with the farmers’ planting date. 
It was also the case that both the early and extreme late planting options gave both higher yield and 
lower seasonal variability.  
This result indicates that the salinity-induced yield loss could be more than offset through changes in 
planting date. This can be explained by the favourable conditions at early planting, in particular low 
soil and water salinity, adequate soil moisture, and lower temperature, resulting in better yield. 
Conversely, with extreme late planting, the projected increase in precipitation not only reduces 
salinity and soil moisture stress but also creates a more favourable environment for increased nitrogen 
and water-use efficiency by flushing out salinity from the topsoil and/or diluting the salinity of 
irrigation water (Table 10.4). Hence, the extreme late planting option would be more efficacious 
where the cropping system includes only two crops (rice/rice). This is because DS rice gives higher 
yield and less seasonal variability under the extreme late planting option while the timing of the 
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following crop (WS rice) would not be affected. The fallow period after harvesting WS rice could be 
used for grazing cattle or short-duration leafy vegetable crops like stem amaranth and Indian spinach. 
 
Figure 10.19: APSIM simulated yields of dry season rice with salinity under farmers’ current and 
possible planting options across the five climate scenarios 
   
 (c) Early wet season rice 
Figure 10.20 shows that successively later planting of EWS rice gives increasingly higher yield across 
all climate scenarios. The very late planting (1 June) gives 20% higher (0.6 t/ha) yield in 2030 and 8-
16% higher (0.3-0.5 t/ha) yield in 2060 compared with farmers’ planting date, while the BRRI 
recommended planting date resulted in lower yield in all five scenarios. The very late planting option 
not only produced higher yield but also showed less seasonal variability. This could be because 
moisture stress and salinity inhibit the performance of EWS rice when planted on the recommended 
date, whereas very late planting enables the crop to escape such stresses due to higher precipitation. 
The higher precipitation with very late planting may offset the indirect effect of rising temperature 
(on moisture stress) as well as reducing salinity. Decreased rainfall and increased erraticism of the 
rainfall pattern at the recommended date may be the cause of the poor performance (lower yield and 
higher seasonal variability) with that planting date. 
The modelling results indicate that the very late planting option could be effective for three-crop 
systems as very late planting gave higher yield with less seasonal variability but would not affect the 
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yield of WS rice as the very late planting option for WS rice (15 September) also gave consistent 
performance across all future scenarios. Delayed planting of WS rice might affect the succeeding DS 
crops, but late planting of suitable DS crops like pumpkin might be effective in a three-crop system. 
Despite some yield loss, the farmers’ planting date might be a better option when two rice crops are 
combined with early planting of DS crops like watermelon, as most DS crops showed much better 
performance under early planting (see below).      
 
Figure 10.20: APSIM simulated yields of early wet season rice with salinity under farmers’ current 
and possible planting options across the five climate scenarios 
     
(d) Maize 
For maize, the Bangladesh Agricultural Research Institute (BARI) recommended planting (15-30 
November) gave a yield benefit of 3.4 t/ha (66%) compared with the farmers’ planting date (21 
December-5 January) under historical conditions (Figure 10.21). The yield advantage of following 
the BARI recommended planting date was 2.4-2.5 t/ha (41-43%) in 2030 and 1.6-1.8 t/ha (24-30%) 
in 2060. It was also the case that “slightly late” planting (7-15 December) gave yields 0.8-1 t/ha higher 
across 2030 conditions and 0.5-0.6 t/ha higher across 2060 conditions than with the farmers’ (later) 
planting date across the same climate scenarios. Seasonal yield variability for the recommended and 
slightly late crops was also lower than for the other planting options across all climate scenarios. 
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This indicates that the yield loss due to salinity under farmers’ practice could be offset by shifting the 
planting date earlier as recommended by BARI. The yield loss due to salinity decreased to 1.0-1.3 
t/ha (16-21%) instead of 2.9-2.9 t/ha (45%) across the 2060 climate scenarios only by changing the 
planting date to 15-30 November, as recommended by BARI. The possible causes of better projected 
performance of maize with the recommended planting date are that the levels of soil and water salinity 
and temperature remain lower than the threshold levels for the crop, while the soil contains adequate 
moisture at that time. Thus the crop not only escapes stress (moisture, salinity, and temperature) but 
also increases the nitrogen- and water-use efficiency because of lower levels of salinity. 
 
Figure 10.21: APSIM simulated yields of maize with salinity under farmers’ current and possible 
planting options across the five climate scenarios 
   
These results indicate that following the BARI recommended planting date could be highly 
productive for the two-crop systems (WS rice/maize/fallow). However, the wet coastal soils and the 
delay in harvesting WS rice could be potential constraints to adopting this planting option. 
Nevertheless, early drainage of the WS rice fields through constructing drains or planting short-
duration WS rice could facilitate preparing the land for sowing DS crops early. Conversely, the 
slightly late (7-15 December) planting option could be more effective where the cropping systems 
include only two crops (WS rice/maize/fallow). This is because maize gives higher yield with less 
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seasonal variability than with farmers’ planting date and farmers can manage sowing maize at this 
time without any investment for drainage infrastructure and/or changing the variety of WS rice. 
(e) Sunflower 
Figure 10.22 shows that the early planting (15 November-7 December) of sunflower as recommended 
by BARI gave a projected yield benefit of 1.6-1.7 t/ha (66-70%) in 2030 and 1.5 t/ha (66-68%) in 
2060 compared with farmers’ planting (21-30 January). Similarly the yield advantage of very late 
planting (28 February-30 March) was 1.7-1.8 t/ha (67-73%) across 2030 and 1.9-2.4 t/ha (83-108%) 
across 2060 climate scenarios compared with farmers’ planting date. This result indicates that shifting 
the planting date forward as recommended by BARI and even later than practised by farmers could 
not only offset the impact of salinity but give higher yields. The seasonal yield variability of the late-
planted crop was also projected to be lower than that of the other planting options across all climate 
scenarios. 
 
Figure 10.22: APSIM simulated yields of sunflower with salinity under farmers’ current and possible 
planting options across the five climate scenarios    
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the recommended planting option due to the same constraints as for maize. Hence the very late 
planting option (28 February-30 March) could be a more efficacious adaptation option for the two-
crop system (WS rice/sunflower). The very late planting gives higher yield with less seasonal 
variability, while the timing of the following crop (WS rice) would not be affected. In addition, 
farmers could implement this option very easily and, again, the fallow period after harvesting WS 
rice could be used for grazing cattle or short duration leafy vegetable crops like stem amaranth and 
Indian spinach. 
(f) Wheat 
Yields were modelled for recommended (15-30 November), late (7-15 December), farmers’ practice 
(21 December-5 January) and very late (21-30 January) planting options. Figure 10.23 shows that 
bringing the planting date forward could substantially reduce yield loss due to climate change and 
salinity. The early planting option as recommended by BARI gave a yield benefit of 1 t/ha (20%) 
under historical climate and 1.1-1.3 t/ha (59-83%) across the future conditions. The relative yield 
advantage of slightly late planting over farmers’ planting was 0.2-0.5 t/ha (11-26%) across all climate 
scenarios. Moreover, seasonal yield variability was lower with the BARI recommended planting.  
   
Figure 10.23: APSIM simulated yields of wheat with salinity under farmers’ current and possible 
planting options across the five climate scenarios    
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This result indicates that shifting the planting date forward not only offsets adverse climatic and 
salinity impacts but also gives higher yield compared with farmers’ practice, even in the 
(hypothetical) absence of salinity. The BARI recommended option (15-30 November) could be 
beneficial (higher yield with less seasonal variability) for the two-crop systems (WS 
rice/wheat/fallow) but the same constraints (e.g., wet soil) as for maize and sunflower would be 
practical barriers to adopting this planting date. Thus, slightly late planting (7-15 December) could 
be a plausible and productive option for the two-crop systems, with due consideration given to the 
issue of wet soil due to excess rain in the late wet season and poor drainage facilities, and the option 
of late planting of WS rice.      
 
The modelling presented in this chapter has suggested that climate change has both positive and 
negative impacts on crop yields but salinity has substantial negative effects. The results indicate that, 
on average, the yield of rainfed WS rice in most cropping systems is projected to decrease by only 3-
5% over the next 15-45 years due to a combination of reduced life span of plants and increased heat-
related grain sterility, even in the face of the positive effect of increased atmospheric CO2. Similarly, 
rising temperature through to 2060 was not found to adversely affect the productivity of rainfed EWS 
rice (13-25% increase), irrigated DS rice (3-6% decrease), and irrigated DS crops including maize (5-
27% increase), sunflower (7-17% decrease) and wheat (2-4% decrease). Nevertheless, yield loss due 
to salinity was projected to be significant for DS rice (52-68%), EWS rice (43-45%) and maize (27-
45%) across all climate scenarios in the face of increased variability of rainfall. Sunflower (10-18% 
loss) and salt-tolerant wheat (9-11% loss) were relatively less sensitive to salinity.  
By comparison, Thomas et al. (2013) simulated the impacts of climate change on various crops using 
the DSSAT model and projected that yields of WS rice decreased by 1-9% in Khulna in 2050 
compared to the base year (2000), yields of DS rice decreased by 2-11%, and yields of maize 
increased by 2-4%. Ruane et al. (2013) using Crop Environment Resource Synthesis (CERES) models 
reported that WS rice yield in Khulna decreased by 11%, DS rice yield by 21%, and EWS rice by 
11% from some recent time like 2010 through to sometime around 2040-2060 due to changes in 
temperature, precipitation, atmospheric CO2, sea-level rise, and flooding. Ruane et al. (2013) also 
projected that wheat yield decreased by 13% in Khulna over the same period. Similarly, Yu et al. 
(2010), using (CERES) Rice and Wheat models, reported that yield loss of WS rice, EWS rice, and 
wheat in Khulna would likely be 10% by 2050, increasing to 18% for DS rice due to climate change 
and sea level rise. Likewise, Rosegrant et al. (2010), after analysing a wide range of published 
simulated data sets on projected impact of climate change on agricultural production, reported that, 
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despite the large uncertainty, the weight of evidence was that climate change impacts on agricultural 
production would be mostly negative in South, Central, and Western Asia, and these regions would 
face declining wheat, rice, and maize yields.  
While the results from the APSIM model used in this study are somewhat more optimistic, they are 
broadly consistent with the studies cited above and are considered to be acceptable, given the 
advantage of being specific to the region under consideration. Local soil properties and farmers’ 
management practices were used in the APSIM model, informed from the AgMIP Project 
(Rosenzweig et al. 2013). Moreover, the impacts of climate change and salinity were projected for 
crops within specified cropping systems, while most previous studies project impacts on individual 
crops in isolation.   
As in any modelling study using projected climate data, there is a high degree of uncertainty in the 
results – due to uncertainty in the climate projections themselves, uncertainty in the salinity 
projections, and a degree of uncertainty in the behaviour of the model. Additionally, APSIM does not 
consider weeds, pests, and diseases, or extreme weather events such as cyclones and floods, and an 
assumption was made that irrigation water was not limiting under future conditions. Additionally, 
future climate may exhibit increased seasonal variability, which was not considered in this analysis.  
There is also uncertainty regarding the practical constraints to farmers implementing the adaptation 
options analysed in future years (such as labour or social constraints). All these uncertainties could 
compound or cancel each other out, but a full uncertainty analysis is beyond the scope of this study.   
It was more difficult to extrapolate the impact of climate change and salinity on DS fruit and vegetable 
crops and on cultured shrimp and fish. However, secondary data and expert opinion suggested that 
watermelon and pumpkin are likely to be severely affected, with watermelon yield decreasing by 12-
15% in 2030 and a further 25-30% in 2060, while pumpkin yield would decrease by 7-10% in 2030 
and a further 12-15% in 2060. However, shrimp and fish yields would increase by about 20% in 2030 
and a further 10% in 2060 over the farmers’ typical yield in 2012-13 due to improved cultural 
practices and increased access to tidal water because of sea-level rise, despite the effect of increasing 
temperatures.  
IPCC in its fourth assessment report collated a wide range of published simulated data sets on 
projected changes to yields of major cereals (rice, wheat, and maize). They found that worldwide 
adaptations such as changing varieties and planting times would have a 10-15% yield benefit for 
cereals, despite 1-2°C local temperature increase. It was also found that, in low latitudes (tropical and 
subtropical regions), adaptation could lead to increased maize yield, while rice and wheat yields 
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would likely increase by 5-7%, despite 1-2°C warming (Easterling et al. 2007 ). Hence several 
adaptation options were explored in this chapter to offset negative impacts on the grain crops.  
Changing fertilizer management did not appear to be an effective adaptation for most crops but 
changing planting dates to earlier in the DS could reduce the salinity-induced yield loss of maize, 
wheat, and sunflower, make better use of residual moisture from the WS, and also establish crops in 
periods of higher physiological yield potential (i.e., escaping high temperature problems). 
Nevertheless, wet soil is a potential barrier to adopting early planting. Conversely, later planting 
options were projected to give improved performance (higher yield with less seasonal variability) for 
WS rice, DS rice, EWS rice, and sunflower, irrespective of season. Hence the late planting options 
could be more efficacious adaptations to the combined effects of climate change and salinization. The 
projected increased precipitation for late-planted crops along with increased atmospheric CO2 
appeared to outweigh the adverse impacts of rising temperature and salinity. The increased 
precipitation is projected to have a significant role in promoting stable yields as it is expected to create 
more congenial cropping conditions – by flushing salt from the topsoil and diluting irrigation water 
and thereby increasing nitrogen- and water-use efficiency.        
In conclusion, climate change is projected to have both positive and negative impacts on crop yields 
but salinity is projected to have substantial negative effects. The projected loss of crop production 
was negligible under projected 2030 conditions for climate and salinity, even under farmers’ current 
practices. Under 2060 conditions, the adverse impacts on WS rice, DS irrigated rice, and wheat 
remained negligible, while sunflower experienced notable yield decline. However, the effect of 2060 
conditions on rainfed EWS rice and irrigated DS maize was positive. Nevertheless, with adaptation 
(i.e., changing planting dates), the loss of production of all crops (except watermelon and pumpkin, 
for which no adaptation options were considered) was more than offset, irrespective of season. The 
key insight is that (allowing for the uncertainties discussed above) climate change in itself does not 
pose a major risk to crop production and aquaculture in south-west coastal Bangladesh over the next 
15-45 years. Although projected 2060 climate conditions pose risks for some crops, and increasing 
salinity is an unambiguously negative influence throughout the five scenarios, there are adaptation 
options that can potentially improve the performance of cropping systems, even under harsher 2060 
conditions. It is likely, too, that further research may result in better-adapted varieties and improved 
cropping technologies to provide additional adaptation options for farmers.   
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IMPACT OF CLIMATE CHANGE AND SALINIZATION ON  
CROPPING SYSTEMS (2): ECONOMIC MODELLING 
 
 
The biophysical modelling in Chapter 10 indicated that the net effect of climate and salinity change 
on most crops is not severe for the forecast 2030 and 2060 conditions. This is because the adverse 
effects of increased salinity and rising temperature are partly or wholly offset by the beneficial effects 
of increased CO2 and precipitation. While the yield loss of most crops due to salinity is substantial 
under both historical and future climates, this yield loss can in many cases be more than offset through 
changed crop management, in particular by changing planting dates to avoid periods of high salinity. 
This chapter presents an economic analysis of the viability and ranking of the 10 cropping systems 
listed in Table 10.1 under the five climate/salinity scenarios, based on the outputs of the biophysical 
modelling and extrapolations presented in Chapter 10. This analysis considers both farmers’ current 
management practices (as described in Chapters 6 and 8) and some possible adaptation options.  
 
The process of developing typical and stochastic enterprise budgets was described in Chapter 4.  
Farmers’ estimated, APSIM-simulated, and extrapolated yield distributions were incorporated in 
revised budgets for the ten cropping systems, using current and projected salinity levels. The APSIM-
simulated typical seasonal yields of WS rice, DS rice, EWS rice, maize, sunflower and wheat were 
used across the five climate/salinity scenarios. Farmers’ estimated and extrapolated typical seasonal 
yields of watermelon, pumpkin, shrimp, and fish were used as APSIM is incapable of modelling these 
crops. The future yields of watermelon and pumpkin were extrapolated only with farmers’ current 
practices but the yields of shrimp and fish were extrapolated both for current practices and assumed 
adaptation options. For purposes of this analysis, the two case-study villages were treated as one 
combined setting, with suitable environments for either shrimp farming or irrigated cropping in the 
dry season. Similarly, only one farm type was considered rather than the small, medium, and large 
farm types used in Chapters 6 and 8. The medium farm type was used as the basis for the 
representative budgets.   
The projection of future prices and costs was not straightforward, given highly complex interactions 
involving many variables apart from climate change and salinity. Hence future prices of the modelled 
crops and costs of the major farm inputs (labour, fuel, and fertilizer) were estimated as well as possible 
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through an examination of secondary sources. Farmers’ estimated average input costs and output 
prices were used for the historical scenario. The details of prices, costs, and returns for existing crops 
(WS rice, EWS rice, watermelon, pumpkin, fish and shrimp) were presented in Chapters 6 and 8. The 
details of current estimated costs and returns for DS rice, maize, wheat and sunflower are presented 
in Table A.1 in Appendix A. The estimation of future prices and costs is described in this section.    
The stochastic budgets were built using the @RISK program and based on triangular distributions, 
requiring estimates of poor, typical, and best yields under farmers’ practice and with adaptation (see 
Tables A.2-A.7 in Appendix A), and low, average, and high prices (see Table A.8 and A.9 in 
Appendix A). The APSIM-simulated poor yield was the average of the lowest 20% of simulated 
yields, the typical yield was the average of the middle 60% of simulated yields, and the best yield 
was the average of the best 20% of simulated yields. In the model validation stage there was found 
to be close consistency between the middle 60% of simulated yields and the farmers’ perception of 
typical seasonal yield. Farmers’ perceived variability in the current prices of farm outputs was applied 
to estimating the variability of estimated future prices to obtain low, average, and high prices for the 
stochastic budgets. Given the global nature of the markets for the major crops produced, and the 
complex array of factors affecting future demand and supply, there was no reason to expect 
correlation between quantity and price variables within any one scenario. 
 
The International Food Policy Research Institute (IFPRI) has projected that the demand for food crops 
is likely to increase between 70-100% by 2050 due to growing population and increased incomes 
(Nelson et al. 2010a). Moreover, the increased demand for livestock feed and biofuel production will 
add further to the growth in demand for food crops. Use for biofuels already accounted for about 20% 
of sugarcane output, 9% of vegetable oil and coarse grains output, and 4% of sugar-beet output during 
2007-2009 (FAO et al. 2011). Furthermore, climate change is expected to be a barrier to increased 
food production in many environments. Thus, prices of agricultural commodities are likely to follow 
an upward trend as the growth in demand outpaces the growth in supply (Nelson et al. 2010a). 
Price changes in agricultural markets are not intrinsically greater than in other markets but the 
projection of prices in the long run is fraught with difficulty and estimates vary widely (FAO et al. 
2011). However, IFPRI has projected the major cereal prices in 2050 through detailed analysis of 
global agricultural prospects, quantitative scenarios of economic and demographic futures, and the 
threats posed by climate change (Nelson et al. 2010a). They applied a global agricultural supply-and-
demand projection model (IMPACT 2009) linked to a biophysical crop model (DSSAT) to assess the 
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climate-change impacts on agricultural production, consumption, prices, and the costs of adaptation. 
The model is capable to simulate the growth in crop production and demand. The demand file of the 
model contains the demand for food, feed, biofuels, and other uses as a function of prices, income, 
and population growth. The IFPRI study employs the projections of two climate models to simulate 
climate in the DSSAT model – the National Centre for Atmospheric Research, US (NCAR) model 
and the Commonwealth Scientific and Industrial Research Organization, Australia (CSIRO) model – 
using two emission scenarios – B1 (optimistic) and A2 (pessimistic) – of the IPCC’s Third 
Assessment Report (Nelson et al. 2009). These are the same emission scenarios used in the APSIM 
simulations in this study (Chapter 10).   
IFPRI reported that the prices of the major food crops show a substantial rising signal between 2010 
and 2050 driven by the demand factors (i.e., increasing population, income, and biofuel demand) and 
supply factors (i.e., slower productivity growth due to climate change and growing resource scarcity) 
(Nelson et al. 2010a). Table 11.1 presents IFPRI’s projected global food crop prices in 2050 across 
four climate scenarios – no climate change, the NCAR model with the A2 scenario, the CSIRO model 
with the A2 scenario, and the CSIRO model with the B1 scenario. Even with no climate change, the 
prices of major food crops increased significantly between 2000 and 2050 by 40-70% (Nelson et al. 
2010a). The projected price increases did not differ greatly between the NCAR and CSIRO models 
for the same scenario (A2). The optimistic scenario (B1) resulted in smaller price increases for most 
but not all commodities.  
Table 11.1: Increase (%) in world food prices of selected crops and poultry in 2050 from 2000 from 
IFPRI study 
Selected crops  No climate change NCAR (A2) CSIRO (A2) CSIRO (B1) 
Rice 62 104 96 82 
Wheat 39 183 160 93 
Maize 63 137 142 145 
Soybeans 72 82 86 64 
Sweet potatoes 60 141 156 120 
Poultry 35 62 62 57 
Source: Nelson et al. (2009, p 7) and Thomas et al. (2013, p 35).  
To obtain price estimates for rice, wheat, and maize for the budgets, it was assumed that the IFPRI 
projections of percentage increases from 2000 to 2050 were linear and could be interpolated to give 
2030 prices and extrapolated to give 2060 prices, based on the farmers’ estimated high, typical, and 
low prices in 2012-2013. The NCAR-based projections were used for the A2 scenario and the CSIRO-
based projections were used for the B1 scenario (as there was no NCAR-based projection for the 
latter). The substitution concept was applied to extrapolate the future prices of sunflower, 
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watermelon, and pumpkin as no projections were found in the literature. The IFPRI-projected price 
increase for soybeans was assumed to apply to sunflower (also an oilseed crop) and the price increase 
for sweet potatoes was assumed to apply to pumpkin and watermelon.  
Estimating market conditions for shrimp and fish is less straightforward given the dynamic nature of 
this sector and the shift over time from capture to culture. Over the last five decades global fish 
production has grown steadily at an average rate of 3.2% (FAO 2014b). FAO used IFPRI’s IMPACT 
model to simulate that, under plausible scenarios for climate, markets, and management, the global 
fish supply from aquaculture will increase by about 77% from 2008 to 2030 (FAO 2014b). The model 
also simulated that fish supply from aquaculture in Southeast and South Asia will grow rapidly, at 
about 45% and 58%, respectively. Moreover, tilapia and shrimp production would be about 30% and 
10% higher, respectively (FAO 2014b). Kobayashi et al. (2015), also using IFPRI’s IMPACT model, 
project that the fastest increase in fish consumption will be observed in India and other South Asian 
countries over the 2010-2030 period, mainly driven by the fast rise in projected per capita income 
and population. The increasing demand will lead to further increase in fish prices (Tveteras et al. 
2011). It is noteworthy that farmed shrimp has been the major component in the rapid rise in fish 
prices in recent decades (FAO 2014b). 
A recent World Bank study simulates climate impacts on both capture and culture fisheries (WB 
2013). Their first scenario (faster output growth rate) indicates that aquaculture production in India 
and other South Asian countries may increase by about 7% and 16%, respectively, in 2030 relative 
to the base year (2008). The second scenario incorporates a major shrimp disease outbreak but 
projects that South Asia recovers to be close to the base year production by 2030. The third scenario, 
incorporating climate change, indicates that capture production may decrease by 2-31% in South Asia 
in 2030 compared with the base year. However, global capture production would decrease by only 
3% while aquaculture production would increase by 1% in 2030 (WB 2013a). 
The FAO Fish Model simulated that aquaculture production in Asia will increase by 36%, 48%, 59% 
and 62% from 2010-12 to 2022 under four scenarios based on production potential, demand, 
consumption, prices, and other key issues that might influence future supply and demand (FAO 
2014b). The FAO model projected that global per capita fish consumption would increase by about 
10% to 2022, with Asia showing the highest growth rate (14%). However, fisheries supply chains 
will continue to be globalized, with 36% of total fishery production being exported by 2022. Fish 
prices would continue on an increasing trajectory, more so than for other foods. The average price of 
traded fish products for human consumption is projected to grow by 30% by 2022 compared with the 
base year (FAO 2014b). 
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In this study, a more conservative figure was used for the growth in fish prices, recognising that 
cultured fish in rice-fields in coastal Bangladesh supplies a domestic market. IFPRI-projected price 
increases for poultry were applied to the price of fish as fish and poultry meat are widely consumed 
in Bangladesh as substitutes. However, shrimp is the world’s single most traded seafood (FAO 2014b) 
so analogies with demand for other protein sources in Bangladesh are not relevant. The FAO Fish 
Model projected that the price of traded fish might grow 30% to 2022 in nominal terms compared to 
the baseline price in 2010-2012, and somewhat lower in real terms, but will remain below the peak 
levels in the early 1990s (FAO 2014b). Based on these considerations, for the present study it was 
assumed that the shrimp price would grow by 20% in 2030 and a further 40% in 2060 over farmers’ 
estimated price in 2012-13.  
Table 11.2: summarises the relative prices increases used in the budgeting analyses for the four future 
climate/salinity scenarios. 
Table 11.2: The percentage increase in food prices of selected crops in 2030 and 2060 over base 
year (2012-2013), estimated from annual percentage food price increases in Table 11.1  
Selected crops 
2030 2060 
NCAR (A2) CSIRO (B1) NCAR (A2) CSIRO (B1) 
Rice 31 25 94 74 
Wheat 55 28 165 84 
Maize 41 44 123 131 
Sunflower  24 19 73 58 
Watermelon/pumpkin  42 36 127 108 
Fish  8 10 24 31 
Shrimp* 20 20 60 60 
* Shrimp price increases were based on other evidence discussed in the text.   
 
The World Bank (2008) documents how economic growth is steadily transforming agriculture-based 
countries such as Bangladesh, with implications for input prices, particularly farm wages rates. Cramb 
and Newby (2015) reported that agrarian change in Mainland Southeast Asia is drawing labour out 
of rice-based farming systems and pushing up wages. Hence labour-saving innovations, particularly 
mechanisation, are being widely adopted (Haefele and Gummert 2015). Similar trends are apparent 
in coastal Bangladesh, though not as advanced. While tillage and threshing are fully mechanized, 
farming is still labour-intensive (Chapters 5 and 7). However, it can be projected that scarcity of 
labour for farming will increase due to smaller family size, the availability of other livelihood options, 
and a growing aversion of the younger generation to the tedious work of farming, hence wages will 
rise and the demand for mechanization will increase. While the main inputs will continue to be human 
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labour, fertilizers, irrigation water, and machinery for tillage and threshing, it can be expected that 
there will be significant upward pressure on wages and fertilizer and fuel prices, with significant and 
variable impacts on the production costs associated with the different cropping systems under 
consideration.   
The trend in farm wages can be based on a long-term (2000-2010) household income and expenditure 
survey in Bangladesh conducted by IFPRI (2013). The male wage increase in the peak season (11.3%) 
was lower than that for women (18.3%). The latter figure was consistent with farmers’ perceived 
labour cost increase and hence was used to extrapolate wage increases in the study villages from 
2012-13 to 2030 and 2060.  
Fertiliser prices are more difficult to estimate. FAO (2015) projects that nitrogen, phosphate, and 
potash demand in South Asia will grow annually by 1.7%, 3.6% and 4.9% respectively during 2014 
to 2018, while supply will grow more slowly. FAO (2015) expresses this as a projected deficit (Table 
11.3), but market theory tells us that fertilizer prices will rise to induce greater supply and choke off 
excess demand. In the absence of published or unpublished data on projected prices of fertilizer, linear 
price increases were assumed to 2030 and 2060. Hence it was assumed that fertilizer prices would be 
40% higher in 2030 and 60% higher in 2060 compared with farmers’ reported fertilizer prices in 
2012-2013.   
Table 11.3: Potential balance of nitrogen, phosphate and potash in South Asia, 2014-2018 (‘000 
tonnes) 
Fertilizer/year 2014 2015 2016 2017 2018 
Nitrogen (N) -8287 -8162 -8373 -8773 -9139 
Phosphate (P2O5) -5911 -6300 -6582 -6863 -7192 
Potash (K2O) -3227 -3382 -3559 -3736 -3914 
Source: FAO (2015)  
Fuel prices are the most difficult to project, given the global instability in oil markets. Table 11.4 
shows short- and long-term oil prices as projected for different scenarios in the United States Annual 
Energy Outlook (AEO) 2010. The different scenarios were modelled taking account of market 
volatility and a multitude of factors and assumptions about the future state of the world economy. 
Most scenarios showed a rising signal of 15-70% over 2006 prices by 2030. An intermediate figure 
(60%) was adopted to extrapolate farmers’ fuel prices in 2030 and 2060 from their 2012-13 prices, 
with 15% used to generate a low estimate and 70% to generate a high estimate.   
  
 
 
295 
Table 11.4: Projection of world oil prices to 2030 and % change from 2008 (USD/barrel) 
 
Prices US $ per barrel 
Price change (%) from 2006 
Scenarios/year
s 
2006 2015 2020 2025 2030 2015 2020 2025 2030 
US EIA 73 95 108 115 124 30 48 57 70 
INFORUM 73 93 108 110 117 27 48 50 60 
DB 73 93 105 115 121 27 44 57 65 
IHSGI 73 85 82 75 77 16 12 3 5 
EVA 73 80 84 91 100 9 15 24 37 
SEER 73 99 102 106 114 35 39 45 56 
Source: EIA (2010 ). 
US EIA: United States Energy Information Administration 
INFORUM: Interindustry Forecasting Project at the University of Maryland 
DB: Deutsche Bank 
IHSGI: IHS Global Insights, Inc. 
EVA: Energy Ventures Analysis, Inc. 
SEER: Strategic Energy and Economic Research  
 
 
a. Historical conditions (1984-2013)   
The relative profitability of the 10 cropping systems was first compared for historical climate (1984-
2013) and salinity (2004-14) conditions, using typical seasonal yields (as modelled or otherwise 
estimated) and average prices and costs reported by farmers for 2012-13 (Figs. 11.1, 11.2, and 11.3). 
It was found that that the rice/watermelon/rice system (P4) incurred much higher costs per ha (both 
TPC and TC) than the other rice/non-rice (P1, P3 and P5), rice/rice (P7), rice/fallow (P2) and rice-
shrimp systems (P6), but these high costs were offset by the high GB/ha, especially from watermelon. 
In general, the rice/non-rice cropping systems had a higher proportion of paid-out costs than imputed 
costs (the ratio was about 65:35), due to the use of hired labour, tractors, pumps, rice threshers, rented-
in land, and the purchase of fertilisers, pesticides and seeds. Conversely, the ratio of paid-out costs to 
imputed costs was about 40:60 for the rice-fish/shrimp system as this system used a higher proportion 
of family labour and household land (Figure 11.1). 
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Figure 11.1: Relative profitability of cropping systems under historical climate (1984-2013) and soil 
salinity levels (2004-2014). Note: TC: Total Cost, TIC: Total Imputed Coast, TPC: Total Paid-out 
Cost, GB: Gross Benefit, GI: Gross Income and NI: Net Income  
 
Figures 11.1 and 11.2 show that the rice-fish/shrimp system (P6) returned the highest returns on a 
per-hectare basis. In particular, P6 gave 2-3 times the GI/ha and 3-6 times the NI/ha of the other 
cropping systems. Of the rice/non-rice cropping systems, the rice/watermelon (P1), 
rice/watermelon/rice (P4) and the (potential) rice/sunflower (P9) systems returned higher GI/ha, 
while the rice/sunflower system returned highest NI/ha followed by the currently dominant 
rice/watermelon system (apart from the rice-fish/shrimp system). In particular, the rice/sunflower 
(P9) and rice/watermelon (P1) systems returned nearly 4-5 times the NI/ha of the two existing 
(rice/watermelon/rice and rice/pumpkin/rice, P3 and P4) and two potential (rice/maize/fallow and 
rice/wheat/fallow, P8 and P10) cropping systems. 
It was also the case that the second most prevalent existing cropping system i.e., a single wet-season 
rice crop followed by fallow (P2), along with the former system of wet-season rice followed by dry-
season rice (P7) and two potential cropping systems, rice/maize (P8) and rice/wheat (P10) gave much 
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lower GI/ha and NI/ha compared with other rice/non-rice cropping systems, let alone the rice/shrimp 
system (P6) (Figures 11.1 and 11.2). It was shown in Chapter 6 that, despite the low return to P2, 
around 30% of the crop land was left fallow in the dry season, mainly due to insufficient fresh water 
for irrigation and the lack of working capital, but the fallowed areas were used for grazing cattle.  
 
Figure 11.2: Relative net income per hectare of cropping systems under historical conditions 
climate (1984-2013) and soil salinity levels (2004-2014)  
 
Figure 11.3 shows that the rice/sunflower system (P9) gave highest GI per work-day of family labour, 
followed by rice-fish/shrimp (P6), rice/watermelon (P1) and rice/fallow (P2) systems, while the other 
systems performed less well on this criterion. Nevertheless, the GI per work-day even of the latter 
was higher than off-farm and non-farm labouring work at the local level. Overall, the GI per work-
day of family labour was 2-5 times local off-farm wages (BDT 200-250 per work-day) and 1.5-3 
times urban wages (within the district and in cities) for labouring work (BDT 300-400 per work-day). 
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Figure 11.3: Relative gross income per work-day of family labour of cropping systems under 
historical climate (1984-2013) and soil salinity levels (2004-2014) 
 
b. 2030 conditions  
The relative profitability of the 10 cropping systems under the 2030 climate/salinity scenarios is 
shown in Figures 11.4, 11.5, 11.6 and 11.7. Despite a harsher climate, the pessimistic (A2) scenario 
gave higher returns (NI/ha) for most cropping systems compared with the optimistic (B1) scenario 
(Fig. 11.6). This was due to reduced global supply hence increased prices under the pessimistic 
scenario. The NI/ha of most cropping systems was also higher in 2030 compared with historical 
conditions (compare Figures 11.2 and 11.6). However, the ranking of cropping systems based on 
NI/ha was not greatly changed. In particular, under both scenarios, the rice-fish/shrimp system (P6) 
gave higher GI/ha (2-3 times) and NI/ha (2-7 times) compared to the rice/non-rice cropping systems, 
as under historical conditions.   
Of the rice/non-rice cropping systems, the rice/watermelon/rice system (P4) returned higher GI/ha, 
followed by rice/pumpkin/rice (P5), rice/watermelon (P1), and rice/sunflower (P9). In terms of NI/ha, 
the rice/sunflower system (P9) gave highest returns (after P6), followed by the existing dominant 
system – rice/watermelon (P1) – across both climate scenarios, as under historical conditions. 
However, the margin in NI/ha between P1 and P9 becomes smaller in 2030. It was also the case that 
the rice/pumpkin (P3), rice/watermelon/rice (P4), and rice/maize (P8) systems gave significantly 
higher NI/ha than the rice/fallow (P2), rice/rice (P7), and rice/wheat (P10) systems.   
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Figure 11.4: Relative profitability of cropping systems under pessimistic climate scenario (A2) and 
soil salinity level in 2030. Note: TC: Total Cost, TIC: Total Imputed Coast, TPC: Total Paid-out 
Cost, GB: Gross Benefit, GI: Gross Income and NI: Net Income   
 
 
Figure 11.5: Relative profitability of cropping systems under optimistic climate scenario (B1) and 
soil salinity level in 2030. Note: TC: Total Cost, TIC: Total Imputed Coast, TPC: Total Paid-out 
Cost, GB: Gross Benefit, GI: Gross Income and NI: Net Income   
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Figure 11.6:  Relative net income per hectare of cropping systems across climate scenarios and soil 
salinity level in 2030   
 
Figure 11.7 shows that the rice-fish/shrimp (P6) and rice/sunflower (P9) systems returned higher GI 
per work-day of family labour, followed by rice/fallow (P2), rice/watermelon/rice (P1), rice/pumpkin 
(P3), and rice/maize (P8) systems. However, even those cropping systems with lower returns to labour 
(P4, P5, P7, and P10) were more rewarding than off- and non-farm labouring. In particular, GI per 
work-day of the cropping systems was 2-4 times the projected local off-farm wages (BDT 255-319 
per work-day) and nearly 2 times the projected urban wages (BDT 382-510 per work-day) in 2030. 
It was also the case that GI per work-day of family labour under the pessimistic scenario (A2) was 
higher than that of optimistic scenario (B1), for the same reason given above, but there was no change 
in the ranking of the cropping systems between the two scenarios.  
c. 2060 conditions  
The results for relative profitability of cropping systems under 2060 conditions are presented in 
Figures 11.8, 11.9, 11.10 and 11.11. Not only is the return (GI/ha and NI/ha) of some cropping 
systems significantly increased but the ranking of cropping systems changes compared with both 
historical and 2030 conditions (compare Figures 11.10 and 11.2). It was again the case that most 
cropping systems gave higher returns under the pessimistic scenario (A2) than the optimistic scenario 
(B1), despite greater yield loss under the pessimistic scenario (Chapter 10). This can also be explained 
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by the loss of yield in the harsher climate being more than offset by the increased prices in this 
scenario. 
 
Figure 11.7:  Relative gross income per work-day of family labour of the cropping systems across 
climate scenarios and soil salinity levels in 2030   
 
Firstly, the rice-fish/shrimp system (P6) maintained its top position even in 2060, returning 2-5 times 
the GI/ha and 2-8 times the NI/ha of the other systems. Second, of the rice/non-rice cropping patterns, 
the new rice/maize system (P8) improved its ranking and returned higher GI/ha and NI/ha than all the 
other rice/non-rice cropping systems, moving ahead of the rice/sunflower system that looked more 
promising in 2030. This was explained by an increase in both the yield and price of maize in 2060 
(see Tables A.7 and A.9 in Appendix A). Third, the rice/pumpkin/rice (P5) system also improved its 
ranking and returned second highest GI/ha and NI/ha of the rice/non-rice cropping systems. Fourth, 
the rice/watermelon/rice system (P4) returned the third highest GI/ha and NI/ha, a drop in ranking. 
Finally, the current dominant cropping system, rice/watermelon (P1), lost its high ranking and gave 
lower GI/ha and NI/ha than most other cropping systems. This change in ranking can be explained 
by: (i) the yield and price of EWS rice were higher in 2060 compared with historical conditions and 
(ii) the yield loss of pumpkin due to climate and salinity change was lower than that for watermelon 
(see Tables A.6 and A.8 in Appendix A).  
In terms of return to family labour, Figure 11.11 shows that the rice/maize (P8) system returned the 
highest GI per work-day, followed by the rice-fish/shrimp (P7) and rice/sunflower (P9) systems. 
While the rice/watermelon (P1), rice/watermelon/rice (P4), rice/pumpkin/rice (P5) and rice/rice 
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systems gave relatively lower GI per work-day, even those systems would be more rewarding than 
off- and non-farm employment for both scenarios in 2060. The GI per work-day was not only 2-4 
times the projected local off-farm wages (BDT 364-455 per work-day) but also 2-3 times the 
projected urban wages (BDT 546-728 per work-day).  
 
 
Figure 11.8: Profitability of cropping systems under pessimistic climate scenario (A2) and soil 
salinity levels in 2060. Note: TC: Total Cost, TIC: Total Imputed Coast, TPC: Total Paid-out Cost, 
GB: Gross Benefit, GI: Gross Income and NI: Net Income   
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Figure 11.9: Profitability of cropping systems under optimistic climate scenario (B1) and soil 
salinity levels in 2060. Note: TC: Total Cost, TIC: Total Imputed Coast, TPC: Total Paid-out Cost, 
GB: Gross Benefit, GI: Gross Income and NI: Net Income   
 
 
Figure 11.10: Relative gross income per hectare of cropping systems across climate scenarios and 
soil salinity level in 2060   
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Figure 11.11: Relative gross income per work-day of family labour of the cropping systems across 
climate scenarios and soil salinity level in 2060 
 
 
The enterprise budgets presented in Section 11.3.1 indicate that, among the currently practised 
cropping systems, the rice-fish/shrimp system is the most rewarding option in terms of the return to 
family-owned resources (GI), whether expressed on a per-hectare or a per-workday basis, as well as 
in terms of NI/ha, under both historical and future conditions. Of the currently practised rice/non-rice 
cropping systems, the rice/watermelon system was the most rewarding under historical and 2030 
conditions, while the rice/pumpkin/rice system gave higher return (GI/ha, NI/ha, and GI/work-day) 
for 2060 conditions. When former and potential new cropping systems are considered, the 
rice/sunflower system outperformed other rice/non-rice systems under historical and 2030 conditions, 
while the rice/maize system rose to top ranking overall in 2060, exceeding even the rice/shrimp 
system.  
However, there was notable seasonal variability in the yields and prices of the crops across the five 
climate scenarios (see Tables A.2-A.9 in Appendix A). As observed in previous chapters, abiotic 
(seasonal weather variation and salinity) and biotic stresses (pests and diseases) cause wide variability 
in yields, and poor access to markets due to the underdeveloped transportation system exacerbates 
fluctuations in farm-gate prices. Hence stochastic dominance analysis was carried out to evaluate the 
cropping systems in terms of the risk/returns trade-off.  
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a. Historical conditions 
The estimated cumulative probability distribution functions (CDFs) of NI/ha under historical 
conditions are shown in Figure 11.12. It can be seen that the CDFs for the rice-fish/shrimp and 
rice/sunflower systems are to the right, those for rice/watermelon and rice/pumpkin systems are in 
the middle, and those for rice/maize, rice/wheat, rice/rice and rice/fallow systems are to the left. Using 
the ranking techniques described in Chapter 4, we can conclude that the rice-fish/shrimp system 
showed first-degree stochastic dominance (FSD) over all other systems apart from the rice/sunflower 
system, but showed second-degree stochastic dominance (SSD) over the latter. Rice/sunflower, in 
turn, showed FSD over all other rice/non-rice systems. Of the existing rice/non-rice systems, the 
rice/watermelon system showed SSD over the rice/pumpkin system and FSD over all the others. The 
overall ranking using FSD and SSD rules is shown in Table 11.5. 
Figure 11.12 also shows that most systems had at least 85% chance of generating a positive net 
income. In particular, the chance of incurring a negative net income was zero for rice-fish/shrimp, 
rice/watermelon, rice/pumpkin, rice/sunflower, and rice/fallow. This increased to 6% for the 
rice/pumpkin/rice system, 15% for the rice/rice, rice/watermelon/rice and rice/wheat systems, and 
35% for the rice/maize system.     
 
Figure 11.12: Cumulative probability distribution (CDF) of net income per ha of cropping systems 
based on current prices and historical yields   
 
 
306 
When comparing the CDFs of gross income (GI) per work-day of family labour (Fig. 11.13), the 
rice/sunflower system improved its ranking and showed FSD over all other systems. The rice-
fish/shrimp system retained its FSD over all the other rice/non-rice cropping systems. Of the existing 
rice/non-rice cropping systems, the rice/fallow system also improved its ranking while the 
rice/watermelon, rice/watermelon/rice, rice/pumpkin/rice, and rice/maize system moved down the 
ranking (Table 11.6). However, most systems had at least 95% probability of generating a GI per 
work-day above the urban wage rate (BDT 300-400/work-day). 
 
Figure 11.13: Cumulative probability distributions (CDF) of gross income per work-day of cropping 
systems based on current prices and historical yields   
 
b. 2030 conditions 
When comparing the CDFs of NI per hectare under 2030 conditions (see Figs. B.1 and B.2 in 
Appendix B), some cropping systems changed their position slightly compared with historical 
conditions though the rankings across the two climate scenarios were the same (Table 11.5). In 
particular, the CDF of the rice-fish/shrimp system shifted further to the right, increasing its 
dominance, while the CDF of the rice/sunflower systems shifted closer to the middle group, but 
maintained its FSD over other rice/non-rice cropping systems, and the rice/fallow and rice/rice 
systems clustered to the left. Of the existing rice/non-rice cropping systems, the rice/pumpkin system 
improved its ranking and showed FSD over other existing systems.  
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Most cropping systems had at least a 90% chance of achieving positive NI/ha across the two climate 
scenarios in 2030. The chances of incurring negative net income for the rice-fish/shrimp, 
rice/pumpkin, rice/fallow, and rice/sunflower systems were zero, increasing to 2-5% for 
rice/watermelon, rice/pumpkin/rice, rice/maize, and rice/wheat system, to 10% for 
rice/watermelon/rice, and to 21-42% for the rice/watermelon/rice, rice/rice, and rice/wheat system 
under the pessimistic scenario.  
Table 11.5: Stochastic dominance ranking of cropping systems under historical and future 
climate/salinity scenarios based on NI/ha  
Cropping patterns 
Historical 
(1984-2013) 
2030 2060 
A2 B1 A2 B1 
P1: Rice/watermelon/fallow 3 4 4 8 7 
P2: Rice/fallow/fallow 7 =9 8 10 =8 
P3: Rice/pumpkin/fallow 4 3 3 5 5 
P4: Rice/watermelon/rice =5 =6 7 =6 =6 
P5: Rice/pumpkin/rice =5 5 6 3 4 
P6: Rice-fish/shrimp 1 1 1 1 1 
P7: Rice/rice/fallow 8 =9 =9 9 =8 
P8: Rice/maize/fallow =9 =6 5 4 3 
P9: Rice/sunflower/fallow 2 2 2 2 2 
P10: Rice/wheat/fallow =9 8 =9 =6 10 
 
Comparing the CDFs of GI per work-day of family labour (Figs. B.3 and B.4 in Appendix B), the 
rice/sunflower system showed SSD over the rice-fish/shrimp system and FSD over all other cropping 
systems. The rice/fallow and rice/pumpkin systems could not be separated and jointly showed FSD 
or SSD over other rice/non-rice cropping systems (apart from rice/sunflower). The 
rice/watermelon/rice system moved below the rice/rice system (Table 11.6). However, again, most 
cropping systems had at least 90% probability of generating a GI per work-day of family labour above 
the projected urban wage rate under the pessimistic climate scenario, decreasing to 80% under the 
optimistic climate scenario (due to increased global supply under the optimistic scenario, hence lower 
price).     
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Table 11.6: Stochastic dominance ranking of cropping systems under historical and future 
climate/salinity scenarios based on GI/work-day  
Cropping patterns 
Historical 
(1984-2013) 
2030 2060 
A2 B1 A2 B1 
P1: Rice/watermelon/fallow 5 =5 5 9 =8 
P2: Rice/fallow/fallow 3 =3 4 =4 5 
P3: Rice/pumpkin/fallow 4 =3 3 6 4 
P4: Rice/watermelon/rice =8 10 10 10 10 
P5: Rice/pumpkin/rice =8 =8 =7 8 =8 
P6: Rice-fish/shrimp 2 2 2 2 2 
P7: Rice/rice/fallow 6 =8 9 7 =6 
P8: Rice/maize/fallow 10 7 6 3 3 
P9: Rice/sunflower/fallow 1 1 1 1 1 
P10: Rice/wheat/fallow 7 =5 =7 =4 =6 
 
 
c. 2060 conditions 
When comparing the CDFs of NI per hectare under 2060 conditions (see Figs. B.5 and B.6 in 
Appendix B), there were again some changes in ranking compared with 2030 condition (Table 11.5). 
The CDF of the rice-fish/shrimp moved further to the right, showing FSD over all other systems under 
both scenarios. The rice/sunflower system maintained SSD over the rice/pumpkin system in the 
pessimistic scenario, SSD over rice/maize in the optimistic scenario, and FSD over all other systems 
in both scenarios. Significantly, the rice-maize system further improved its ranking to be fourth in the 
pessimistic scenario and third in the optimistic scenario, joining rice/sunflower as an emerging option 
after rice-fish/shrimp. Of the existing rice/non-rice cropping systems, the rice/pumpkin/rice system 
improved its ranking and showed FSD over other existing rice/non-rice cropping systems. Most 
cropping systems still had at least a 95% chance of a positive NI/ha in the pessimistic scenario, 
decreasing to 85% in the optimistic scenario. However, the chances of incurring negative NI/ha were 
15-30% for the rice/rice and rice/watermelon systems under the optimistic scenario.   
Comparing the CDFs of GI per work-day of family labour (Figs. B.7 and B.8 in Appendix B), the 
rice/sunflower system showed SSD over rice-fish/shrimp and FSD over all other systems in both 
pessimistic and optimistic scenarios. The rice-fish/shrimp system showed SSD over the rice/maize 
system and both these systems showed FSD over all other systems in both scenarios. Thus the rice-
maize system further improved its ranking to third (Table 11.6). Most cropping systems had at least 
85-90% probability of generating GI per work-day above the projected urban wage rate in 2060 (BDT 
528-728) but the rice/watermelon systems and the rice/fallow system had 20-50% chance of falling 
below this benchmark.     
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The net impacts of climate change and salinization on the profitability of cropping systems under 
farmers’ current practice was analysed in Section 11.3. In this section, the relative profitability of 
cropping systems is analysed assuming two types of adaptation, as modelled in Chapter 10: (i) 
modifying nitrogen application rates and (ii) changing planting dates. In addition, the results of 
modelling crop performance in the absence of salinity, that is, assuming that salinity could be 
mitigated, were also subjected to economic analysis. This mitigation scenario may seem highly 
unrealistic, but it is an exploratory analysis of the maximum potential impacts of salinity mitigation 
at the regional level, assuming this could be achieved through major investments in river-basin and 
coastal infrastructure and improved cross-border arrangements affecting freshwater flows from 
upriver. Section 11.4.1 examines the response to changes in fertiliser application while Sections 
11.4.2 and 11.4.3 compare the results of incorporating changed planting dates and of fully mitigating 
salinity. 
 
APSIM was used to simulate yield responses of WS rice, DS rice, EWS rice, maize, sunflower, and 
wheat to four nitrogen options or “treatments”: (i) researcher recommended (T1), (ii) farmers’ 
practice (T2), (iii) 10% increase over farmers’ practice (T3) and (iv) 20% increase over farmers’ 
practice (T4) across the five climate scenarios. (Note that the researcher-recommended rates were not 
necessarily the highest rates, depending on the crop considered.) APSIM was not capable of 
simulating yield responses of other dry-season crops such as watermelon and pumpkin, nor was there 
any attempt to model the response of shrimp to increased fertiliser use. The APSIM-simulated yields 
for 2030 and 2060 were averaged across the pessimistic and optimistic scenarios. 
 Marginal analysis was conducted to see if the yield responses obtained were economic (CIMMYT 
1988). The costs of nitrogen fertilizer and labour were counted as paid-out costs, and the value of 
grain was counted as the price of grain in the relevant scenario multiplied by the simulated yield to 
give the gross benefit for each treatment. The marginal rate of return (MRR) of the undominated 
treatments was estimated for each of the crops. That is, where a treatment gave a negative marginal 
rate of return it was deemed to be dominated and subsequent marginal calculations were made relative 
to the immediately previous undominated treatment. A conservative MRR of 100% or above was 
considered an acceptable return to farmers for the additional investment and risk. 
The three possible rice crops are analysed in Tables 11.7, 11.8 and 11.9. The first table shows that, 
for wet-season (WS) rice, T4 was the optimal treatment under historical conditions, T3 in 2030, and 
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T4 in 2060. This indicates that a 10-20% increase in N application over farmers’ practice could be 
beneficial now as well as under future conditions. Table 11.8 shows that, for early wet-season (EWS) 
rice, T2 (farmers’ practice) was the optimal treatment under historical conditions, but T3 (a 10% 
increase in N) was optimal in 2030 and 2060. Table 11.9 shows that, for dry-season (DS) rice, T2 
(farmers’ practice) was optimal under historical conditions, but T1 (researchers’ recommendation for 
a lower N application) was more beneficial in 2030 and in 2060.  In sum, there was some potential 
for increasing net benefit though increased fertiliser use on WS rice, less so for EWS rice, and none 
at all for DS rice. 
 
Table 11.7: Marginal return to fertilizer treatments for WS rice in five climate/salinity scenarios  
Scenario Treatment 
Paid-out 
cost 
Marginal 
cost 
Net  
benefit  
Marginal 
net benefit 
Marginal rate 
of return 
BDT/ha % 
Historic- 
al (1984-
2013) 
T2 3,800  62,700   
T1 4,030 230 64,220 1,520 661 
T3 4,180 150 64,070 (150) Dominated 
T4 4,560 530 65,440 1,220 230 
2030 
T2 5,275  72,826   
T1 5,594 319 70,396 (2,430) Dominated 
T3 5,803 528 74,410 1,584 300 
T4 6,330 527 73,882 (528) Dominated 
2060 
T2 6,210  105,994   
T1 6,586 376 102,585 (3,409) Dominated 
T3 6,831 621 106,971 977 157 
T4 7,452 621 107,784 813 131 
  T1: researcher-recommended, T2: farmers’ practice, T3: 10% over T2; T4: 20% over T2. 
 
Table 11.8: Marginal return to fertilizer treatments for EWS rice in five climate/salinity scenarios  
Scenario Treatment 
Paid-out 
cost 
Marginal 
cost 
Net  
benefit  
Marginal 
net benefit 
Marginal rate 
of return 
BDT/ha % 
Historic- 
al (1984-
2013) 
T2 3,120  40,280   
T3 3,432 312 40,018 (262) Dominated 
T4 3,744 624 39,756 (524) Dominated 
T1 4,170 1,050 36,100 (4,180) Dominated 
2030 
T2 4,323  57,547   
T3 4,755 432 59,291 1744 404 
T4 5,188 433 58,924 (367) Dominated 
T1 5,778 1,023 54,204 (5,087) Dominated 
2060 
T2 5,122  93,014   
T3 5,634 512 95,627 2,613 510 
T4 6,146 512 95,208 (419) Dominated 
T1 6,846 1,212 83,942 (11,685) Dominated 
T1: researcher-recommended, T2: farmers’ practice, T3: 10% over T2; T4: 20% over T2. 
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Table 11.9: Marginal return to fertilizer treatments for DS rice in five climate/salinity scenarios  
Scenario Treatment 
Paid-out 
cost 
Marginal 
cost 
Net  
benefit  
Marginal 
net benefit 
Marginal rate 
of return 
BDT/ha % 
Historic- 
al (1984-
2013) 
T1 5,250  55,000   
T2 6,500 1,250 57,000 2,000 160 
T3 7,150 650 56,400 (600) Dominated 
T4 7,800 1,300 57,600 600 46 
2030 
T1 7,274  63,140   
T2 9,055 1,781 54,600 (8,540) Dominated 
T3 9,961 2,687 60,060 (3,080) Dominated 
T4 10,866 3,592 60,120 (3,020) Dominated 
2060 
T1 8,621  67,660   
T2 10,530 1,909 49,800 (17,860) Dominated 
T3 11,583 2,962 64,140 (3,520) Dominated 
T4 12,636 4,015 63,180 (4,480) Dominated 
T1: researcher-recommended, T2: farmers’ practice, T3: 10% over T2; T4: 20% over T2. 
For the non-rice DS grain crops (maize, sunflower, and wheat) there was also little advantage in 
increased fertiliser application. Table 11.10 shows that, for maize, T1 (the researcher-recommended 
reduced dose) was the optimal treatment under historical and 2030 conditions, and T3 (a 10% increase 
in N over farmers’ practice) was optimal in 2060. Table 11.11 shows that, for sunflower, T3 (a 10% 
increase) was optimal under historical conditions, but the researchers’ lower recommendation (T1) 
gave better returns in 2030 and 2060. In the case of wheat, Table 11.12 shows that T1 (the lower 
researcher recommendation) was the optimal treatment under historical and future conditions.   
 
Table 11.10: Marginal return to fertilizer treatments for maize in five climate/salinity scenarios  
Scenario Treatment 
Paid-out 
cost 
Marginal 
cost 
Net  
benefit  
Marginal 
net benefit 
Marginal rate 
of return 
BDT/ha % 
Historic- 
al (1984-
2013) 
T1 6,920  75,884   
T2 9,260 2,340 75,539 (345) Dominated 
T3 10,186 3,266 74,713 (1,171) Dominated 
T4 11,112 4,192 73,887 (1997) Dominated 
2030 
T1 9,627  128,482   
T2 12,874 3,247 128,037 (445) Dominated 
T3 14,161 4,534 128,083 (399) Dominated 
T4 15,449 5,822 126,926 (1,556) Dominated 
2060 
T1 6,855  217,898   
T2 10,102 3,247 224,133 6,235 192 
T3 11,389 1,287 226,610 2,477 192 
T4 12,677 1,,288 225,289 (1,321) Dominated 
 T1: researcher-recommended, T2: farmers’ practice, T3: 10% over T2; T4: 20% over T2. 
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Table 11.11: Marginal return to fertilizer treatments for sunflower in five climate/salinity scenarios  
Scenario Treatment 
Paid-out 
cost 
Marginal 
cost 
Net  
benefit  
Marginal 
net benefit 
Marginal rate 
of return 
BDT/ha % 
Historic- 
al (1984-
2013) 
T1 4,420  104,000   
T2 5,280 860 103,220 (780) Dominated 
T3 5,808 1,388 106,42 2,742 198 
T4 6,336 528 102,264 (4,478) Dominated 
2030 
T1 6,150  118,624   
T2 7,347 1,197 112,658 (5,966) Dominated 
T3 8,082 1,932 119,352 728 38 
T4 8,816 734 118,683 (669) Dominated 
2060 
T1 7,181  152,499   
T2 8,578 1,397 141,162 (1,1337) Dominated 
T3 9,436 2,255 150,486 (2,013) Dominated 
T4 10,294 3,113 152,874 375 12 
T1: researcher-recommended, T2: farmers’ practice, T3: 10% over T2; T4: 20% over T2. 
 
Table 11.12: Marginal return to fertilizer treatments for wheat in five climate/salinity scenarios  
Scenario Treatment 
Paid-out 
cost 
Marginal 
cost 
Net  
benefit  
Marginal 
net benefit 
Marginal rate 
of return 
BDT/ha % 
Historic- 
al (1984-
2013) 
T1 4,880   41,580     
T2 5,300 420 38,900 (2,680)  Dominated 
T3 5,830 950 40,720 (860)  Dominated 
T4 6,360 1,80 42,540 (960) 65 
2030 
T1 6,791   55,630     
T2 7,375 584 51,844 (3,786)  Dominated 
T3 8,113 1,322 54,426 (1,204)  Dominated 
T4 8,850 2,059 55,225 (405)  Dominated 
2060 
T1 7,928   82,773     
T2 8,610 682 77,004 (5,769)  Dominated 
T3 9,471 1,543 81,397 (1,376)  Dominated 
T4 10,332 2,404 82,742 (31)  Dominated 
T1: researcher-recommended, T2: farmers’ practice, T3: 10% over T2; T4: 20% over T2. 
 
In this section, the profitability of cropping systems is compared (i) with and without the presence of 
salinity, assuming farmer’s current practices; and (ii) with and without adaptive changes in planting 
dates, assuming the ongoing presence of salinity. The impacts of salinity were assessed only for dry 
season (DS) and early wet season (EWS) crops as many informants and independent research 
indicates that wet season (WS) rice is largely free from the effects of salinity, provided DS shrimp 
farming is not prolonged and adheres to recommended practices for managing the transition between 
seasons. The impact of salinity on the rice/watermelon, rice/fallow, and rice/pumpkin cropping 
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systems was not analysed due to the unavailability of data. Not only is APSIM incapable of simulating 
the performance of crops like watermelon and pumpkin but no secondary sources were found with 
plausible data for these crops in south-west coastal Bangladesh.  
The second set of comparisons were based on the modelling of changes in planting dates presented 
in Chapter 10. These changes are costless adaptations to changes in rainfall and salinity that farmers 
would be likely to adopt. The results of the modelling for each individual crop were used to select an 
optimally adapted cropping system (allowing for the fact that a changed starting date for one crop 
may affect the following crops in the system). Where crops such as watermelon or pumpkin were part 
of the system, they were included with the same yields and returns as used in Section 10.3, that is, 
assuming no adaptation.  
The cropping systems considered in this analysis were systems P4 to P10 in Table 10.1, that is, 
excluding rice/watermelon, rice/fallow, and rice/pumpkin. To simplify the presentation, only the 
results for GI/ha are analysed. 
The results for the rice/watermelon/rice cropping system (P4) are shown in Figure 11.14. The GI/ha 
was highest in the absence of salinity across all five climate scenarios. The salinity-induced yield loss 
of EWS rice reduced the GI/ha of the cropping system by 19-30%, with the size of the impact 
increasing through time. The unmeasured impact of salinity on DS watermelon would presumably 
add to this loss. However, adaptation (i.e., changing the planting date of WS rice and EWS rice) gave 
13-19% higher GI/ha over farmers’ practice in the same saline environment across the five climate 
scenarios. This result indicates that the loss due to salinity with changed planting dates decreased to 
5-11%. That is, the benefits of adaptation almost offset the costs of salinity.  
The results for the rice/pumpkin/rice cropping system (P5) are shown in Figure 11.15. Once again, in 
the absence of salinity, even under farmer’ practice, this system returned 21-27% higher GI/ha than 
with salinity across the five climate scenarios. The salinity-induced yield loss of EWS rice caused a 
21-27% loss of returns for the cropping system as a whole. The unmeasured impact of salinity on 
pumpkin would also presumably add to this loss. However, with changed planting dates of WS rice 
and EWS rice, the GI/ha was 20-23% higher than with the farmers’ practice in a saline environment 
across all climate scenarios. That is, the benefits of adaptation (increased yield of EWS rice due to 
escaping the adverse impacts of salinity) almost completely outweighed the cost of salinity, 
particularly in 2030, reducing the loss to 1-5% across the historical and 2030 climate scenarios, up to 
13% in 2060.  
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Figure 11.14: Relative gross income per hectare of rice/watermelon/rice cropping system across 
five climate scenarios. Note: Changing planting dates of wet season and early wet season rice were 
the adaption measures. 
 
Figure 11.15: Relative gross income of rice/pumpkin/rice cropping system across five climate 
scenarios. Note: Changing planting dates of wet season and early wet season rice were the 
adaptation measures.  
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The rice-fish/shrimp system (P6) was harder to model. There was no issue here with salinity in the 
DS and it is unclear exactly what adaptations are expected by aquaculture experts. However, 
assuming a changed planting date for WS rice and unspecified adaptations in the shrimp component, 
Figure 11.16 shows an increased GI/ha of 8% under historical conditions and 13-23% across the four 
future climate scenarios.   
 
Figure 11.16: Relative gross income of rice-fish/shrimp cropping system across five climate 
scenarios. Note: Changing planting date for rice and unspecified options for aquaculture were the 
adaptation measures. 
 
The rice/rice/fallow cropping system (P7) – that is, WS and DS rice – gave 53-70% lower GI/ha than 
in the absence of salinity under farmers’ current management across the five climate scenarios (Figure 
11.17). As would be expected, the salinity-induced yield loss of DS rice significantly affected the 
overall return to this system. However, with changed planting dates, the system returned 71-77% 
higher GI/ha compared with farmers’ practice across the four future climate scenarios, even in the 
presence of salinity. It can also be noted that the adapted cropping system gave 10-18% higher GI/ha 
than with farmers’ practice in the absence of salinity across the future climate scenarios. This suggests 
that, in addition to salinity, other environmental factors (e.g., increased temperature and droughts, 
and inadequate freshwater for irrigation) also affected the productivity and profitability of the rice/rice 
cropping system under farmers’ practice, and that the changed planting dates reduced these impacts 
as well. Overall, the costs of salinity and other environmental constraints under farmers’ practice 
would be more than offset by the benefits of adaptation. The changed planting dates enable the DS 
crop to exploit a more favourable environment with less moisture stress and salinity.   
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Figure 11.17: Relative gross income of rice/rice/fallow cropping system across five climate 
scenarios. Note: Changed planting dates of WS and DS rice were the adaptation measures. 
Figure 11.18 shows that rice/maize cropping system (P8) returned 26-38% lower GI/ha with salinity 
than in the absence of salinity under farmers’ practice across the five climate scenarios. On the other 
hand, the rice/maize system in the presence of salinity but with adaptation (i.e., changing the planting 
dates of maize and WS rice) gave 13-23% higher GI/ha than farmers’ practice across the four future 
climate scenarios. Changing planting dates reduced the costs of salinity to a 9-23% loss of GI, instead 
of the 26-38% under farmers’ practice. The main point from Figure 11.18, however, is that with or 
without adaptation or mitigation, the GI/ha for this system increases by 2-3 times from historical 
conditions to 2060 conditions, as reflected in its rise in the rankings in the previous section. 
The rice/sunflower cropping system (P9) was impacted less by salinity, with 11-22% reduction in 
GI/ha when compared with a salinity-free environment across the five climate scenarios (Figure 
11.19). However, with adaptation (i.e., changing the planting dates of sunflower and WS rice), this 
system returned significantly higher (53-77%) GI/ha compared with farmers’ practice across the four 
future climate scenarios. Thus adaptation more than offset the impact of salinity, further enhancing 
the prospects for the adoption of this system in the future. The rice/sunflower system with adaptation 
in the saline environment returned 33-60% higher GI/ha than farmers’ practice in the absence of 
salinity across the future climate scenarios. This result indicates that, besides salinity, other 
environmental stresses such as temperature, rainfall, droughts, and lack of freshwater for irrigation 
affected the productivity and profitability the cropping system under farmers’ practice, hence the 
adaptive measures enabled the DS crop in particular to reduce these environmental stresses and 
produce higher yields.      
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Figure 11.18: Relative net income of rice/maize/fallow cropping system across five climate 
scenarios. Note: Changing planting date of WS rice and maize were the adaptation measures.  
 
Figure 11.19: Relative net income of rice/sunflower/fallow cropping system across five climate 
scenarios. Note: Changing planting date of WS rice and sunflower were the adaptation measures. 
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Finally, Figure 11.20 shows that the rice/wheat system (P10) gave only slightly higher (5-10%) GI/ha 
even in the absence of salinity compared with farmers’ practice across the five climate/salinity 
scenarios. This was because the yields of the salt-tolerant variety of wheat were similar with or 
without salinity under farmers’ management. However, the rice/wheat system with adaptation 
(changed planting date) returned 15-26% higher GI/ha in the saline environment compared with 
farmers’ practice across the five climate scenarios. The changed planting date provided a more 
favourable environment (less soil moisture stress and salinity) and produced higher yields. Again, 
adaptation more than offset the relatively small cost of salinity and other environmental stresses. The 
main problem with the rice/wheat option is that it was outperformed by alternative new cropping 
systems, notably rice/sunflower and rice/maize.        
 
Figure 11.20: Relative net income of rice/wheat/fallow cropping system across five climate 
scenarios. Note: Changing planting date of WS rice and sunflower were the adaptation measures. 
 
 
With adaptation, but without salinity mitigation, the ranking of the cropping systems based on the 
cumulative probability distribution functions (CDFs) of net income (NI) per hectare and NI per work-
day changed compared with the ranking based on farmers’ practice (Tables 11.13 and 11.14; 
Appendix B, Figures B.9 to B.18).  
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a. Historical conditions 
Under historical conditions, based on NI/ha, the rice/sunflower system (P9) moved far to the far right, 
beyond the rice-fish/shrimp system, most rice/non-rice systems were in the middle, and the 
rice/fallow system was pushed further to the left. The rice/sunflower system showed FSD over all 
other systems and the rice-fish/shrimp system (P6) showed FSD over other systems apart from 
rice/sunflower. The rice/watermelon/rice system (P4) also improved its ranking with adaptation and 
showed SSD or FSD over the other rice/non-rice systems. The ranking of rice/rice (P7) and rice/wheat 
(P10) systems remained unchanged while the ranking of the rice/maize system (P8) fell to ninth from 
seventh. It can be noted that the probability of generating a positive net income per hectare increased 
for the cropping systems under adaptation to at least 98% instead of 85% under farmers’ management 
(Table 11.13 and Fig. B.9 in Appendix B).     
Still under historical conditions but ranking by the distribution of GI per work-day of family labour, 
the rice/sunflower system with adaptation again showed FSD over all other systems, followed by the 
rice-fish/shrimp system. The rice/rice system with adaptation showed SSD or FSD over rice/non-rice 
cropping systems (apart from rice/sunflower). The ranking of rice/watermelon and rice/pumpkin 
systems fell to seventh and eighth, respectively, instead of fourth and fifth under farmers’ practice, 
while the ranking of the rice/maize system with adaptation moved up to sixth from tenth (Table 11.14 
and Fig. B.10 in Appendix B).  
Table 11.13: Stochastic dominance ranking of cropping systems with adaptation under historical 
and future climate/salinity scenarios based on NI/ha  
Cropping pattern 
Historical 
(1984-
2013) 
2030 2060 
A2 B1 A2 B1 
P1: Rice/watermelon/fallow 4 =8 8 9 9 
P2: Rice/fallow/fallow 10 10 10 10 10 
P3: Rice/pumpkin/fallow 3 4 =4 6 6 
P4: Rice/watermelon/rice 6 7 7 8 7 
P5: Rice/pumpkin/rice 5 3 3 4 4 
P6: Rice-fish/shrimp 2 1 1 1 1 
P7: Rice/rice/fallow 8 5 =4 5 5 
P8: Rice/maize/fallow 7 6 =4 3 3 
P9: Rice/sunflower/fallow 1 2 2 2 2 
P10: Rice/wheat/fallow 9 =8 9 7 8 
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Table 11.14: Stochastic dominance ranking of cropping systems with adaptation under historical 
and future climate/salinity scenarios based on GI/work-day of family labour 
Cropping patterns Historical 
(1984-
2013) 
2030 2060 
A2 B1 A2 B1 
P1: Rice/watermelon/fallow 8 =9 9 9 10 
P2: Rice/fallow/fallow 4 =4 4 6 5 
P3: Rice/pumpkin/fallow 7 7 6 7 7 
P4: Rice/watermelon/rice 10 =9 10 10 9 
P5: Rice/pumpkin/rice 9 8 8 8 8 
P6: Rice-fish/shrimp 2 2 2 3 2 
P7: Rice/rice/fallow 3 3 3 2 4 
P8: Rice/maize/fallow 6 6 5 =4 3 
P9: Rice/sunflower/fallow 1 1 1 1 1 
P10: Rice/wheat/fallow 5 =4 7 =4 6 
 
b. 2030 conditions 
Under 2030 conditions of climate and salinity, the rice-fish/shrimp system (P6) with adaptation 
returned to first ranking, showing FSD over all other systems across both pessimistic and optimistic 
climate scenarios. The rice/sunflower system (P9) with adaptation moved back to second rank, 
showing FSD over all other rice/non-rice cropping systems. Of the other rice/non-rice cropping 
systems, the rice/pumpkin/rice system (P5) improved its ranking with adaptation and showed at least 
SSD over the other rice/non-rice systems apart from rice/sunflower. Of the existing rice/non-rice 
cropping systems, the rice/watermelon (P1) and rice/pumpkin (P3) systems reduced their ranking to 
eighth and ninth, respectively, compared with fourth and third under farmers’ practice. This may be 
because no adaptation options were considered for watermelon and pumpkin. With adaptation, the 
ranking of the rice/maize (P8) and rice/wheat (P10) systems remained largely unchanged while the 
ranking of the rice/rice system (P7) improved to fourth or fifth, depending on the climate scenario. 
The probability of generating a positive NI/ha increased with adaptation to at least 98% for all 
cropping systems except rice/watermelon and rice/wheat under the optimistic scenario (Table 11.13 
and Figs. B.11 and B.12 in Appendix B).     
In terms of GI per work-day, after adaptation the rice/sunflower system (P9) showed FSD over all 
other systems while the rice-fish/shrimp system (P6) showed FSD over the other systems apart from 
P9. Of the other cropping systems, the rice/rice system improved its ranking with adaptation, as did 
the rice/pumpkin system (P3) (Table 11.14 and Figs. B.13 and B.14 in Appendix B). 
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c. 2060 conditions 
Using the distributions of NI/ha, the rice-fish/shrimp system (P6) with adaptation again showed FSD 
over all other systems in 2060, followed by the rice/sunflower system (P9). The rice/maize system 
(P8) further improved its ranking at the expense of the rice/rice and rice/pumpkin/rice systems. 
Despite adaptation, the ranking of the rice/wheat system did not improve. The probability of 
generating a positive NI/ha increased with adaptation from at least 85-95% to 100% for all cropping 
systems except rice/watermelon (Table 11.13 and Figs. B.15 and B.16 in Appendix B).   
Comparing the CDFs of GI/work-day, the rice/sunflower system (P9) with adaptation showed FSD 
over all other systems. The rice-fish/shrimp system (P6) was ranked second under the optimistic 
climate scenario while the rice/rice system was ranked second under the pessimistic climate scenario, 
with rice/maize (P8) moving into third rank in this scenario (Table 11.14 and Figs. B.17 and B.18 in 
Appendix B).   
 
Bioeconomic modelling – combining the results of the biophysical modelling reported in Chapter 10 
with the economic analysis reported in this chapter – has provided some interesting insights into the 
economic impacts of climate change and salinization on cropping systems and the possibilities for 
adaptive responses at the farm level. While the projection of prices and costs to 2030, let alone to 
2060, is inherently problematic, the projections used were sufficiently plausible to give reasonable 
confidence in the trajectories identified, if not in the actual numbers generated. 
It was significant that the rice/shrimp system proved economically more viable than rice/non-rice 
systems both currently and in future scenarios (given suitable conditions for shrimp as found in Uttar 
Kaminibasia). Currently the rice/watermelon system gave higher returns than the rice/pumpkin 
system but future scenarios reversed this ranking. Watermelon production may decline because of its 
greater susceptibility to climate change. Of the potential new systems, the rice/sunflower system 
performs better than rice/maize, rice/wheat, and WS rice/DS rice, now and in the future, though the 
relative improvement of the rice/maize system under future conditions is notable.  
The risks of obtaining negative net returns per ha, or below the comparable daily wage rate, were 
zero for the best-performing systems and relatively low for most others. Moreover, these probabilities 
did not change substantially over future scenarios, given that price increases to some extent offset 
yield losses. However, as discussed in Chapter 10, the climate models driving the crop yield 
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simulations do not capture the likely increased frequency and intensity of major climatic events such 
as cyclones, which would add to the downside risks. 
Adaptation through changed fertiliser use (higher or lower, depending on the crop) could give higher 
returns for some cropping systems. A 10-20% increase in nitrogen application over farmers’ current 
practice would give higher returns for rice/fallow, rice/watermelon/rice, rice/pumpkin/rice and 
rice/maize cropping systems across future conditions. Improved fertiliser management would also 
increase future returns to the rice/rice, rice/sunflower and rice/wheat cropping systems. However, 
larger improvements were obtainable with costless changes in planting dates to avoid the worst 
stresses imposed by climate change and salinity. With such adaptation, the rice/shrimp system 
maintains the top ranking in terms of income per ha in 2030 and 2060 and the rice/sunflower system 
maintains the second ranking (though it outperforms rice/shrimp in terms of NI/work-day). The 
rice/pumpkin/rice system ranked third for 2030 and fourth in 2060 while the rice/maize system moved 
up to third in 2060.  
While the combined impact of climate change and salinization on the returns to most cropping system 
was not pronounced, this was due to some of the positive effects of climate change, while the loss of 
returns due to salinity was significant, except for the rice/shrimp and rice/wheat systems (due to the 
use of a salt-tolerant wheat variety). The impact of salinity was especially high for dry-season rice, 
followed by maize, early wet season rice, and sunflower. Thus the returns to mitigating salinity 
through regional investments, if feasible, would be very high.  
Thus, apart from adaptive responses in fertiliser use and planting dates, further farm-level adaptation 
may be expected through a shift to DS crops such as pumpkin (rather than watermelon) along with 
potential new crops such as sunflower and maize due to their higher returns and greater tolerance of 
environmental stress. DS rice and wheat do not perform well under farmers’ practice but the 
performance of DS rice improved with adaptation (changed planting dates) across the future 
scenarios. Thus combinations of WS rice and shrimp, or WS rice and DS non-rice crops (current and 
novel), may be economically viable in future climate scenarios. Research and extension will be 
needed to help farmers adapt their cropping systems accordingly. However, the greater challenge may 
be to mitigate the loss of arable land to salinization. 
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                                                              CONCLUSION 
 
 
This thesis is concerned with the sustainability of rice-based cropping systems in the vulnerable 
conditions of south-west coastal Bangladesh, both currently and in light of projected future climate 
and salinity in the region. The challenge of sustainable agriculture is an ongoing global issue of great 
significance, due not only to growing food demand but the increasing stresses on food production due 
to resource degradation, climate change, pest, disease, and weed infestation, and intense competition 
for land, water, and energy. The developing countries of Asia and Africa are central to this struggle 
for sustainability, and rural households in Bangladesh face this challenge most acutely.  
Bangladesh encompasses a large deltaic floodplain and is one of the most densely populated agrarian 
countries in the world, with only 0.05 ha of arable land per person. Two thirds of the population is 
rural, and three quarters of these rural households depend directly or indirectly on agriculture for their 
livelihoods. Domestic agriculture continues to be the main source of the country’s food supply, 
particularly the all-important staple – rice – which accounts for nearly 80% of the agricultural area. 
The pressure on agriculture will become even more acute in the future, with total population projected 
to increase to over 200 million by 2050 and the extent and quality of arable land declining. Moreover, 
many studies anticipate that climate variability, climate change, and extreme weather events will pose 
increased risks for agriculture over the next half-century, especially in the coastal zone. Sea-level 
rise, floods, cyclones, and storm surges are expected to damage crops and infrastructure. In addition, 
soil erosion, drainage congestion, water logging, salinity intrusion, and scarcity of freshwater for 
irrigation are all likely to increase.  
The review of literature indicated that climate change and salinization are the two biggest challenges 
to sustainable agriculture in the coastal zone. Out of the total area of cultivated land in the coastal 
region, nearly two thirds is affected by various degrees of salinity. Salinity intrusion will be further 
elevated in coming decades due to sea-level rise. The livelihoods of coastal communities – whether 
engaged in cropping, livestock rearing, aquaculture, or non-farm activities – will be seriously affected 
by these adverse trends in climate and environment. Furthermore, the adaptive capacity of coastal 
farmers is low. Most farms are small-scale, semi-subsistence operations with limited resources, little 
mechanization, and a high dependence on rainfall due to the scarcity of freshwater irrigation. They 
are also poorly served by physical infrastructure such as roads, embankments, and irrigation that 
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might enhance their adaptive capacity. Yet this already-stressed region is under considerable pressure 
to help meet the increasing food demand and to intensify cropping. In this context, the World Bank 
has called for a strategic plan to safeguard resources, farming, and ecosystems in the coastal zone to 
ensure food security and improved well-being of coastal dwellers.  
The thesis has proceeded from the starting point that understanding local perspectives and knowledge, 
farm-level decision-making processes, approaches to risk management, and adaptation strategies is 
critically important for developing any larger strategy in support of sustainable agriculture in the 
coastal zone. In particular, paying attention to successful local adaptation options is essential to 
initiating any large-scale support for smallholder farmers. This local understanding can be used to 
assess future adaptive options for farmers based on projections of crop and farm performance under 
projected climatic and environmental conditions.  
Hence the overall aim of this study was to assess the current and future sustainability of rice-based 
cropping systems in the south-western coastal districts of Bangladesh, in order to draw some 
conclusions about how best to improve the livelihoods and food security of coastal dwellers. 
Agricultural sustainability was assessed through evaluating the agro-economic viability of a range of 
cropping systems under current and future conditions (climate, salinity, and market) and the current 
and potential adaptation strategies of farm households. This research aim was broken down into the 
following research questions: 
A. What contributions do rice and other crops make to the agro-economic viability (profitability 
and risk) of cropping systems in the south-western coastal region? 
B. What are the implications of projected future climate and salinity for the economic viability 
of alternative rice-based cropping systems in the south-western coastal region? 
C. What are the dynamics of farm-level adaptation to changes in climate and salinity?  
 
Sustainability is a complex and contested concept, however the broad goal of agricultural 
sustainability can be taken to be the long-term maintenance of agricultural productivity, profitability, 
and natural resources in order to ensure food security and the wellbeing of farming communities. 
Thus agricultural sustainability implies the capacity of a management unit such as the farm-household 
system to maintain its productivity over time, that is, to display a non-negative trend in productivity 
over a reasonable planning horizon of say several decades. Indicators of agricultural sustainability 
reported in the literature focus on the level and stability (or risk) of farm productivity, household food 
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security, farm profitability, resilience or adaptive capacity in the face of adverse trends and shocks, 
and maintenance of the production environment.  
Hence the research for the thesis focused on the individual farm-household (or farming system) as 
the principal unit of analysis, that is, a rural household with access to (not necessarily ownership of) 
land and for which farming is the major (not necessarily the only) source of livelihood. The rural 
household is also the main social and economic unit in the rural livelihoods framework, which is an 
extension of the farming systems framework that gives particular attention to household vulnerability, 
resilience, and diversification. Thus the methodology focused on understanding and explaining 
(rather than seeking to “optimise”) the current cropping choices and adaptation strategies of different 
types of farmer in different local environments, in order to form an empirical basis for projecting 
future cropping choices and strategies under longer-term climate and environmental change.  
While giving due attention to the whole-farm and broader livelihood contexts in which the farm-
household operates, much of the research focused on the major cropping systems within these larger 
systems and the individual crop enterprises which they comprised, which can be seen as the building 
blocks of farming systems. The assessment of cropping enterprises was linked to the broader 
household and agro-environmental context in two ways. First, farm-households were classified into 
farm types, reflecting their different asset base, especially their access to land. Second, the assessment 
drew on household-level data from two contrasting villages. These were selected to represent 
different environments within the coastal zone, hence different biophysical constraints and 
opportunities for enterprise choice. Thus the analysis of cropping enterprises was firmly situated 
within the farming and livelihood systems framework. 
Agricultural sustainability is a function of adaptive capacity at the farm-household level. Adaptation 
is the process of pursuing farming goals under changed conditions, including changes in climate, the 
resource base, markets, and institutions. In this study, as well as assessing profitability and risk using 
conventional farm budgeting techniques, the study focused on how farmers have adapted over time 
to the changing environment, the trends in crop yields, changes in the quantity and quality of material 
inputs, the adoption and adaptation of new technology, reported changes in land use and the local 
ecology, and changes in livelihoods. This included farmers’ perceptions of climate change and of the 
opportunities for and obstacles to adaptation. On the other hand, soil chemical properties and salinity 
in both the dry and wet seasons were analysed to give some indication of trends in the underlying 
resource base, and local climate data were analysed to test the accuracy of farmers’ perceptions.  
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The perspective of the thesis was limited to understanding the everyday cropping choices of farmers 
and farm-households in current and plausible future scenarios, and the methods used were the 
conventional techniques of farm management research (enterprise, whole-farm, and stochastic 
budgets), supplemented with the best available models to project future scenarios and productivity. 
This approach could not address the larger questions associated with global sustainability, such as the 
uncertain onset of sudden and catastrophic sea-level rise.  
 
 
Shaheberabad had relatively good access to markets and services. Despite having a moderate soil 
salinity problem in the dry season and inadequate fresh water for irrigation, the arable land of the 
village was intensively used for rice and non-rice crops throughout the year. At the time of the 
research, the dominant cropping systems involved WS rice followed by different DS crops, including 
watermelon, pumpkin, and a range of vegetables. Small areas were also used for cultivating EWS rice 
after harvesting the DS crops, usually to make up a rice-deficit from the WS crop. The rate of adoption 
of Green Revolution technologies for WS rice was high. Hence total crop production had increased 
and most farm households were self-sufficient in rice and better off economically than in previous 
decades. The increased cropping activity had also created more employment for landless households, 
notwithstanding a trend to mechanisation.  
In addition to the major cropping activities, homestead gardening, aquaculture, and livestock rearing 
were also important sub-sectors of the farming systems in the village. While WS rice was the main 
source of the household’s staple food, the DS crops, homeyard and dike crops, fish, and livestock 
were important sources of nutritious foods and cash income to meet farm and family expenses. In 
addition, both men and women from poorer households undertook labouring work within the village, 
while men also moved temporarily to other districts for wage work. Some villagers were petty traders, 
seasonal agricultural contractors, and fishermen, and a few had salaried employment. 
The productivity of crops, particularly DS crops and EWS rice, was frequently affected by climatic 
stresses (erratic rainfall and drought) and soil salinity, due mainly to inadequate access to freshwater 
irrigation. Climate change, extreme weather events, and ongoing salinity intrusion were recognized 
as real threats to agriculture and livelihoods in the village. Moreover, the prices of farm produce were 
unstable and were perceived to be highly influenced by market intermediaries. In addition, lack of 
access to agricultural credit, good-quality seed, fertilizers and pesticides, as well as a poor 
transportation system, were identified as constraints to agricultural improvement.   
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The case study of Shaheberabad showed that farm households in that village had been adapting to 
their changing circumstances based on the availability of resources, technologies, markets, and 
alternative livelihood options. They had been guided by the need to secure the supply of their staple 
food, and the profitability and riskiness of alternative farm enterprises. The rice-based cropping 
systems they had adopted, with WS rice and profitable DS crops, were economically viable given 
typical seasonal yields and prices. Better access to irrigation in the dry season would make these 
systems more viable, or enable more farmers to adopt them. Some systems were more risky than 
others, but farmers had largely been able to balance their livelihood portfolios to offset the risks from 
fluctuating yields and prices. The overall trend was one of farm and livelihood diversification, 
contributing to household resilience in the face of climate and environmental change. Small farm 
households, though still deriving most of their income from agriculture, have had to depend to a 
greater extent on wage labouring and self-employment, periodically migrating to other locations to 
supplement household income. The small number of landless households, of course, were totally 
dependent on these sources of livelihood. 
 
Uttar Kaminibasia was typical of the more marginal coastal villages, lacking good access to markets, 
education, agricultural extension, and health services due to an undeveloped transportation network. 
Higher levels of soil salinity and good access to tidal saline water in the DS dictated that the only 
cropping system in the village was rice-fish in the WS followed by brackish water shrimp production 
for the rest of the year (DS and EWS). The WS rice crop was the only source of staple food, while 
aquaculture (fish and shrimp) provided both cash income and dietary protein. The farming system 
was frequently affected by stresses such as torrential rain, extreme heat, pests and diseases of rice, 
and shrimp disease. However, the WS rice escaped the adverse effects of salinity due to adequate 
access to fresh tidal water in the monsoon. Besides, some households cultivated vegetables in the 
homeyard and cultured fish in ponds despite the general salinity problem, and managed to rear some 
livestock despite the general lack of feed. In addition both men and women from poorer households 
undertook labouring work in the village, while men migrated seasonally to work on farms in other 
districts. Many were also petty traders (servicing the shrimp enterprise) and fishermen, and a few had 
salaried employment. 
The continuous practice of shrimp farming over three decades had resulted in changes in the local 
environment including sedimentation, soil degradation, soil and water salinization, and biodiversity 
loss. This resulted in a decline in the area and productivity of WS rice and declining returns from 
shrimp culture due to chronic viral disease. Hence most farm households became food insecure and 
financially stressed. However, to address this downward spiral of the farming system, significant 
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changes were introduced from the late 2000s, based on a combination of scientific and farmer 
research. This has led to a restoration of the area and productivity of both the WS rice-fish enterprise 
and the DS shrimp enterprise.  
While rice production was now at a healthy level and shrimp farming continued to be profitable, the 
villagers faced many problems. The profitability of shrimp farming was highly influenced by 
variability in the price, over which farmers had no control. There was a lack of access to quality rice 
seed, shrimp post-larvae, fertilizers, pesticides, and affordable agricultural credit. The scarcity of 
fresh water for drinking, cooking, and other domestic activities was acute for seven months during 
the shrimp farming season. There was also lack of local employment opportunities for poorer 
households.  
Nevertheless, the case study of Uttar Kaminibasia demonstrated that a farming system based on a 
continuous rotation of WS rice and DS shrimp can be economically viable, given adequate access to 
tidal saline water for shrimp culture and fresh tidal water for WS rice to flush out the accumulated 
salinity. The rice/fish-shrimp cropping system was highly profitable at typical prices and yields. 
While shrimp yields and prices fluctuated widely, and were to some degree covariant, the riskiness 
of the cropping system appeared manageable, particularly with WS rice to underwrite income and 
food security. While further studies are warranted to assess potential future consequences of brackish 
water shrimp farming on sustainability, the experience of Uttar Kaminibasia is an encouraging 
indicator that this farming system may not only be economically viable but more sustainable than 
previously thought. 
 
Qualitative household-level data from Shaheberabad and Uttar Kaminibaisa were used to assess 
farmers’ perceptions of change and their existing and anticipated adaptation strategies. Farmers 
perceived significant climate changes (increased temperatures, a delay in the wet season, a decrease 
in the number of rainy days, and unpredictable rainfall) over the last two decades. Extreme weather 
events (droughts, torrential rainfall, cyclones, and storm surges) frequently damaged crops and 
household assets. The analysis of long-term climate data from Khulna confirmed there were 
significant increases in mean and extreme temperature and rainfall, though this analysis could not 
identify the incidence of extreme events. Farmers in the case-study villages also perceived significant 
changes in the local environment – increased soil and water salinity, decreased soil fertility, decreased 
fresh water irrigation reserves, and decreased tidal water for cropping.  
The villagers had undertaken a wide array of adaptive measures, including both farming and non-
farming options. The farming adaptation strategies included crop diversification, new crop varieties, 
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changes in planting and harvesting dates, small-scale farm mechanization, stress-mitigation and 
resource-conservation technologies, water harvesting, improved livestock-rearing, home-yard and 
dike cropping, and aquaculture. In addition, labouring work, short-term wage migration, and self-
employment had been widely-adopted as both coping and adaptation strategies. 
The factors seen to assist adaptation included household assets (family labour, farm and non-farm 
income, land, ponds, trenches, and farming experience), formal and informal extension providers, 
and government, NGO, and informal credit providers. Conversely, the remaining persistent 
constraints included inadequate irrigation, siltation of reservoirs, uncertain markets, particularly for 
DS crops, the unfair influence of traders, poor access to markets, and the unsuitability of land for 
some forms of agriculture. The lack of stress-tolerant varieties, shrimp post-larvae, quality seed, and 
affordable capital, and inadequate access to information on adaptation options, were also identified 
as constraints.  
The collective initiatives of households, communities, local government, national government 
agencies, NGOs, and traders have facilitated the development and adoption of adaptation strategies 
in coastal villages. The net result has been an improvement in overall wellbeing and the adaptive 
capacity of farmers. However, farmers acknowledge that farming and livelihoods are likely to be 
more vulnerable under projected future conditions, hence continued adaptation will be needed. They 
felt a need for increased research and extension of better-adapted technologies such as stress-tolerant 
crop varieties. They also urged improvements in physical infrastructure, to provide better irrigation 
for dry-season cropping and more efficient marketing of farm produce, together with better access to 
credit, information about adaptation measures, extension services, and weather forecasting.  
 
Bioeconomic modelling was used to assess the future impact of climate change and salinization on 
the sustainability of ten current and potential cropping systems in the study villages. Five climate 
scenarios were considered together with three salinization scenarios. The impacts of climate change 
and salinity were disaggregated in the modelling because, although salinization is in part attributable 
to climate change, in principle there is the potential to mitigate salinity independently (e.g., through 
investments in infrastructure at the regional level), while changes in climate (rainfall, temperature, 
sunshine hours, and CO2) necessarily require adaptive responses. Simulated and extrapolated yields 
for the scenarios, along with projected prices and costs, were incorporated in enterprise and stochastic 
budgets to assess the sustainability of the ten cropping systems.  
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The APSIM model was used for simulating both the climate and salinity impacts on WS rice, DS rice 
and EWS rice crops. However, for maize, sunflower and wheat, APSIM was used to model only the 
climate change impacts as in its current version APSIM is incapable of modelling the salinity 
responses of these crops. Instead, the salinity impact was assessed through developing salinity 
response functions and applying those to the crop yields simulated in the absence of salinity. The 
future performance of some existing major DS crops, namely, watermelon, pumpkin, and aquaculture 
(shrimp and fish) had to be extrapolated from data available in the literature and expert knowledge as 
they are not currently modelled within APSIM. 
The simulation modelling projected that climate change would have both positive and negative 
impacts on crop yields but salinity would have substantial negative effects. The net result was that 
the yields of WS and DS rice were projected to decrease by only 3-6% over the next 15-45 years, 
while the yield of EWS rice was projected to increase by 13-25%. Irrigated DS crops also had variable 
yield responses, with maize yield increasing by 5-27%, sunflower yield decreasing by 7-17%, and 
wheat yield decreasing by 2-4% decrease. This was because the adverse effects of increased salinity 
and rising temperature are partly or wholly offset by the beneficial effects of increased CO2 and 
precipitation. While the results from the APSIM model were somewhat more optimistic than those 
reported in the literature, they were broadly consistent with other studies and had the advantage of 
being specific to the soil properties, climate, cropping systems, and farming practices in the region.  
However, there was necessarily a high degree of uncertainty in these results due to uncertainty in the 
climate and salinity projections, and a degree of uncertainty in the behaviour of the model. 
Additionally, APSIM does not consider weeds, pests, and diseases, or extreme weather events such 
as cyclones and floods, it was assumed that irrigation water was not limiting. Future climate may also 
exhibit increased seasonal variability, which could not be incorporated in this analysis. There was 
also uncertainty about the social and economic constraints to implementing the adaptation options 
analysed in future years. These uncertainties could compound or cancel each other out, but such an 
uncertainty analysis was beyond the scope of this study.   
To extrapolate the impact of climate change and salinity on DS fruit and vegetable crops and on 
cultured shrimp and fish, secondary data and expert opinion were used. These sources suggested that 
watermelon and pumpkin yields are likely to be severely negatively affected, while shrimp and fish 
yields would increase by about 30% by 2060 due to improved cultural practices and increased access 
to tidal water.  
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Several adaptation options were explored as ways to offset the negative impacts of climate change 
and salinization on the grain crops. Changing fertilizer management did not appear to have a large 
impact on most crops but changing planting dates to earlier in the DS could reduce the salinity-
induced yield loss of maize, wheat, and sunflower, make better use of residual moisture from the WS, 
and also establish crops in periods of higher physiological yield potential (i.e., escaping high 
temperature problems). However, wet soil is a potential barrier to adopting early planting. 
Conversely, later planting options were projected to give improved performance (higher yield with 
less seasonal variability) for WS rice, DS rice, EWS rice, and sunflower, irrespective of season. Hence 
the late planting options could be more suitable adaptations.  
 
Bioeconomic modelling, incorporating simulated and extrapolated yields into farm budgets, provided 
useful insights into the economic impacts of climate change and salinization on cropping systems and 
the possibilities for adaptive responses at the farm level. While the projection of prices and costs to 
2030, let alone to 2060, was inherently problematic, the projections identified reasonably plausible 
trajectories. 
It was significant that the rice-shrimp cropping system proved economically more viable (accounting 
for both expected returns and risk) than rice followed by non-rice crops, both currently and in future 
scenarios. This of course is subject to suitable conditions for shrimp culture as found in Uttar 
Kaminibasia, but these conditions are likely to apply over a wider area if salinization continues to 
spread. Currently the rice-watermelon system gave higher returns than the rice-pumpkin system but 
future scenarios reversed this ranking. Watermelon production is likely to decline because of its 
greater susceptibility to climate change. Of the potential new systems, the rice-sunflower system is 
projected to perform better than rice-maize, rice-wheat, and rice-rice, now and in the future, though 
the relative improvement of the rice-maize system under future conditions is notable.  
The risks of obtaining negative net returns per ha, or below the comparable daily wage rate, were 
zero for the best-performing systems and relatively low for most others. Moreover, these probabilities 
did not change substantially over future scenarios, given that price increases to some extent offset 
yield losses. However, as mentioned above, the climate models driving the crop yield simulations did 
not capture the likely increased frequency and intensity of major climatic events such as cyclones, 
which would add to the downside risks. 
Adaptation through changed fertiliser use could give higher returns for some cropping systems. For 
example, a 10-20% increase in nitrogen application over farmers’ current practice would give higher 
returns for rice-fallow, rice-watermelon-rice, rice-pumpkin-rice and rice-maize cropping systems 
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across future conditions. However, larger improvements were projected with essentially costless 
changes in planting dates to avoid the worst stresses imposed by climate change and salinity. With 
such adaptation, the rice-shrimp system maintains the top ranking in in terms of NI/ha in 2030 and 
2060 and the rice-sunflower system maintains the second ranking (though it outperforms rice-shrimp 
in terms of NI/work-day).  
While the combined impact of climate change and salinization on the economic viability of most 
cropping system was not pronounced, this was due to some of the positive effects of climate change, 
while the loss of returns due to salinity was significant, except for the rice-shrimp and rice-wheat 
systems (due to the use of a salt-tolerant wheat variety). The impact of salinity was especially high 
for dry-season rice, followed by maize, early wet season rice, and sunflower. Thus the returns to 
mitigating salinity through regional investments, if feasible, would be very high and warrant 
quantification in future research.  
 
Farming systems in the south-west coastal zone of Bangladesh have shown an extraordinary capacity 
to adapt and improve in the face of increasing pressures and limited resources. While resource 
differences between households and villages make a significant difference to their relative 
vulnerability and capacity to adapt, the adoption of improved farming technologies – often the result 
of adaptive research by scientists and farmers – has generally helped to increase productivity, 
stability, diversification, food security, incomes, and employment in the region. This non-negative 
trend in key indicators over a number of decades points to a period of sustainable agriculture. While 
this could not have been said about the rice-shrimp system from the mid-1980s to the mid-2000s, the 
adaptive response to the downward spiral of this system has been encouraging. 
Can this sustainable trend be maintained in the face of projected climate change and salinization? The 
key insight arising from the bioeconomic modelling is that (allowing for the many uncertainties 
inherent in the modelling process) climate change in itself does not appear to pose a major risk to 
crop production and aquaculture in south-west coastal Bangladesh over the next 15-45 years. 
Although projected 2060 climate conditions pose risks for some crops, and increasing salinity is an 
unambiguously negative influence, there are feasible adaptation options that can potentially improve 
the performance of cropping systems, even under potentially harsher 2060 conditions.  
Apart from adaptive responses in fertiliser use and planting dates, further farm-level adaptation may 
be expected through a shift to DS crops such as pumpkin (rather than watermelon) along with 
potential new crops such as sunflower and maize due to their higher returns and greater tolerance of 
environmental stress. DS rice and wheat do not perform well under farmers’ practice but the 
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performance of DS rice is projected to improve with changed planting dates across the future 
scenarios. Thus combinations of WS rice and shrimp, or WS rice and DS non-rice crops (current and 
novel), are projected to be economically viable in future climate scenarios. It is likely, too, that further 
research may result in better-adapted varieties and improved cropping technologies to provide 
additional adaptation options for farmers.  
However, the greater challenge to sustainable livelihoods in the south-west may be to mitigate the 
loss of arable land to salinization and to protect land and settlements from sea-level rise and a likely 
increase in natural disasters. This will require planning and investment beyond the farm and village 
scales considered in this thesis. 
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Table A.1: Per hectare costs (BDT) and benefits (BDT) from dry season crops in Shaheberabad   
 Item Dry-season rice Maize Sunflower Wheat 
Paid-out costs (BDT/ha) 49930 60009 42268 30675 
       Ploughing and laddering  5988 5988 5988 4900 
       Seed and seedling raising  4495 5614 4900 7600 
       Hired labour 12900 12350 9500 6675 
       Fertilizers 9600 18649 8880 0 
       Pesticides 1347 748 0 2000 
       Irrigation 8250 6160 4500 5500 
       Land lease 4500 5500 4500 4000 
       Powered thresher 2850 5000 4000  
Imputed costs (BDT/ha) 23497 26200 24541 19757 
       Family labour 10750 13300 12350 7790 
       Land use 10500 10500 10500 10500 
       OIC (Interest on operating capital) 2247 2400 1691 1467 
Total costs (BDT/ha) 73427 86209 66809 50432 
Yield (t/ha): Grain 3.4 5.7 2.7 1.8 
                     Straw 4.8   3.5 
Returns (BDT/ha): Value of grain 61200 95475 108000 41400 
                               Value of straw 8640   11441 
                               Gross benefit 69840 95475 108000 52841 
                               Gross income 19910 35466 65732 22166 
                               Net income -3587 9266 41191 2409 
      GI per work-day of family labour 398 507 1011 541 
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Table A. 2: Seasonal variability in APSIM simulated yield of early wet-season rice under farmers’ 
practices across five climate scenarios 
Scenarios  Seasons Paddy rice yield (t/ha) 
P4 P5 
Historical (1984-2013) 
  
  
Best 3.5 3.4 
Typical 2.7 2.7 
Worst 1.6 1.6 
2030 A2 
Best 3.9 3.8 
Typical 3.0 3.0 
Worst 1.9 1.9 
2030 B1 
Best 1.9 1.9 
Typical 3.0 3.0 
Worst 3.9 3.8 
2060 A2 
Best 4.1 4.0 
Typical 3.3 3.3 
Worst 2.1 2.1 
2060 B1 
Best 4.0 3.9 
Typical 3.1 3.1 
Worst 2.0 2.1 
Note: A2 = Pessimistic climate scenario, B1= Optimistic climate scenarios; P4 =WS 
rice/watermelon/EWS rice; P5 = WS rice/watermelon/EWS rice. 
Table A. 3: Seasonal variability of APSIM simulated yields for wet-season rice under farmers’ 
practices across five climate scenarios  
Scenarios  Seasons Paddy rice yield (t/ha) 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
Historical 
(1984-
2013) 
Best 4.1 4.0 4.0 3.7 3.6 4.8 3.6 4.2 4.2 3.6 
Typical 3.8 3.6 3.7 3.2 3.1 4.0 3.3 3.5 3.5 3.2 
Worst 3.4 2.8 3.3 2.2 2.2 3.2 3.0 2.8 2.8 2.8 
2030 A2 Best 3.9 3.9 3.9 3.7 3.6 4.7 3.5 3.9 4.0 3.7 
Typical 3.7 3.4 3.6 3.1 3.1 4.0 3.2 3.4 3.5 3.3 
Worst 3.4 2.8 3.3 2.1 2.1 3.3 2.8 2.8 2.9 2.9 
2030 B1 Best 3.9 3.8 3.8 3.6 3.5 4.7 3.5 3.8 3.9 3.6 
Typical 3.7 3.4 3.5 3.0 2.9 4.0 3.2 3.3 3.4 3.3 
Worst 3.3 2.8 3.2 2.0 2.0 3.3 2.9 2.8 2.9 2.9 
2060 A2 Best 4.0 3.8 3.9 3.9 3.9 4.6 3.5 3.8 4.1 3.7 
Typical 3.8 3.4 3.7 3.3 3.2 4.0 3.2 3.3 3.6 3.4 
Worst 3.5 2.9 3.4 2.1 2.1 3.2 2.8 2.8 3.0 3.0 
2060 B1 Best 3.9 3.8 3.8 3.6 3.5 4.6 3.5 3.8 4.0 3.7 
Typical 3.7 3.4 3.6 3.0 2.9 4.0 3.2 3.3 3.5 3.3 
Worst 3.4 2.8 3.3 2.0 2.0 3.2 2.8 2.8 2.9 2.9 
Note: P1: WS rice/Watermelon/Fallow; P2: WS rice/Fallow/Fallow; P3: WS rice/Pumpkin/Fallow; 
P4: WS rice/Watermelon/EWS rice; P5: WS rice/Pumpkin/EWS rice; P6: WS rice/fish/Shrimp; P7: 
WS rice /DS rice/Fallow; P8: WS rice/Maize/Fallow; P9: WS rice/Sunflower/Fallow; P10: WS rice 
/Wheat/Fallow 
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Table A. 4: Seasonal variability of APSIM simulated yields for dry-season crops under farmers’ 
practices across five climate scenarios 
Scenarios Seasons Dry-season crops yields (t/ha) Farmers’ perceived historical  and 
extrapolated future yield (t/ha) 
DS rice Maize Sunflower Wheat Pumpkin Watermelon Shrimp 
Historical 
(1984-
2013) 
Best 4.7 6.5 4.2 2.6 24.0 38.5 0.12 
Typical 3.8 5.2 2.9 2.1 16.8 29.6 0.214 
Worst 2.2 2.7 1.7 1.3 13.5 17.5 0.255 
2030 A2 Best 5.3 7.1 3.8 2.5 21.6 32.7 0.255 
Typical 3.9 6.0 2.6 1.9 15.1 25.2 0.214 
Worst 1.9 3.6 1.5 1.2 12.2 14.9 0.12 
2030 B1 Best 1.9 3.8 1.7 1.3 12.6 15.4 0.255 
Typical 3.9 6.0 2.7 2.0 15.6 26.0 0.214 
Worst 5.1 7.1 3.8 2.6 22.3 33.9 0.12 
2060 A2 Best 5.2 6.9 3.4 2.3 18.4 22.9 0.12 
Typical 3.8 6.4 2.4 1.7 12.9 17.6 0.214 
Worst 1.3 4.9 1.6 1.1 10.3 10.4 0.255 
2060 B1 Best 5.2 6.9 4.1 2.4 19.6 25.4 0.12 
Typical 3.8 6.2 2.5 1.9 13.8 19.6 0.214 
Worst 1.6 4.4 1.9 1.2 11.0 11.6 0.255 
Note: A2 = Pessimistic climate scenario and B1= Optimistic climate scenarios 
 
Table A. 5: Seasonal variability of APSIM simulated yields for wet-season rice with adaptation 
(e.g., changed planting date) across five climate scenarios 
Scenarios  Seasons Paddy rice yield (t/ha) 
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 
Historical 
(1984-
2013) 
Best 4.2 4.2 4.1 4.1 4.2 4.1 4.1 4.1 4.1 4.2 
Typical 3.4 3.4 3.6 3.6 3.4 3.6 3.6 3.6 3.6 3.4 
Worst 3.0 3.0 2.7 2.7 3.0 2.7 2.7 2.7 2.7 3.0 
2030 A2 Best 4.6 4.6 4.1 4.1 4.6 4.1 4.1 4.1 4.1 4.6 
Typical 3.4 3.4 3.6 3.6 3.4 3.6 3.6 3.6 3.6 3.4 
Worst 3.0 3.0 2.7 2.7 3.0 2.7 2.7 2.7 2.7 3.0 
2030 B1 Best 4.4 4.4 4.2 4.2 4.4 4.2 4.2 4.2 4.2 4.4 
Typical 3.4 3.4 3.5 3.5 3.4 3.5 3.5 3.5 3.5 3.4 
Worst 2.9 2.9 3.0 3.0 2.9 3.0 3.0 3.0 3.0 2.9 
2060 A2 Best 4.9 4.9 4.0 4.0 4.9 4.0 4.0 4.0 4.0 4.9 
Typical 3.4 3.4 3.5 3.5 3.4 3.5 3.5 3.5 3.5 3.4 
Worst 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 2.8 
2060 B1 Best 4.7 4.7 4.0 4.0 4.7 4.0 4.0 4.0 4.0 4.7 
Typical 3.3 3.3 3.5 3.5 3.3 3.5 3.5 3.5 3.5 3.3 
Worst 2.8 2.8 3.0 3.0 2.8 3.0 3.0 3.0 3.0 2.8 
Note: A2 = Pessimistic climate scenario and B1= Optimistic climate scenarios 
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Table A. 6: Seasonal variability of APSIM simulated yield for early wet-season rice with adaptation 
(e.g., changed planting date) across five climate scenarios 
Scenarios Seasons Paddy rice yield (t/ha) 
P3 P4 
Historical (1984-2013) 
  
  
Best 3.8 3.6 
Typical 3.3 3.1 
Worst 2.6 2.5 
2030 A2 
Best 4.1 3.9 
Typical 3.5 3.4 
Worst 2.9 2.7 
2030 B1 
Best 4.1 3.9 
Typical 3.5 3.3 
Worst 2.9 2.7 
2060 A2 
Best 4.1 3.9 
Typical 3.5 3.3 
Worst 2.8 2.6 
2060 B1 
Best 4.1 3.9 
Typical 3.6 3.4 
Worst 2.9 2.7 
Note: A2 = Pessimistic climate scenario and B1= Optimistic climate scenarios 
Table A. 7: Seasonal variability of APSIM simulated yield for dry-season crops with adaptation 
(e.g., changed planting date) across five climate scenarios 
Scenarios Seasons Dry-season crop yield (t/ha) Extrapolated 
yields (t/ha)  
DS rice Maize Sunflower Wheat Shrimp 
Historical 
(1984-2013) 
Best 5.3 7.1 4.1 3.4 0.150 
Typical 4.6 6.9 3.6 2.8 0.120 
Worst 4.0 6.5 2.3 1.8 0.060 
2030 A2 Best 6.1 7.5 4.6 3.3 0.180 
Typical 5.6 6.8 3.8 2.6 0.144 
Worst 4.4 4.7 2.4 1.5 0.072 
2030 B1 Best 6.0 7.4 4.6 3.3 0.198 
Typical 5.5 6.7 3.8 2.6 0.158 
Worst 4.4 4.6 2.3 1.5 0.079 
2060 A2 Best 6.5 7.3 5.0 3.1 0.180 
Typical 5.9 6.9 4.3 2.3 0.144 
Worst 4.1 6.1 2.4 1.3 0.072 
2060 B1 Best 6.1 7.2 4.7 3.3 0.198 
Typical 5.8 6.8 3.9 2.5 0.158 
Worst 4.6 5.5 2.3 1.5 0.079 
Note: A2 = Pessimistic climate scenario and B1= Optimistic climate scenarios 
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Table A. 8: Seasonal variability of current and extrapolated future prices for rice, shrimp and fish 
across five climate scenarios 
Scenarios Seasons Prices (BDT/tonne) 
WS rice EWS rice DS rice Shrimp Fish 
Current 
(2012-
2013) 
Best 16,500 18,000 20,000 400,000 338,738 
Typical 17,500 16,500 18,000 450,000 302,445 
Worst 20,000 15,000 17,000 650,000 278,249 
2030 A2 Best 27,086 24,377 27,086 910,000 406,000 
Typical 23,700 22,346 23,023 540,000 362,500 
Worst 22,346 20,314 24,377 480,000 333,500 
2030 B1 Best 25,576 23,018 25,576 780,000 683,200 
Typical 22,379 21,100 21,740 540,000 610,000 
Worst 21,100 19,182 23,018 480,000 561,200 
2060 A2 Best 39,590 35,631 39,590 1,040,000 616,000 
Typical 34,641 32,661 33,651 720,000 550,000 
Worst 32,661 29,692 35,631 640,000 506,000 
2060 B1 Best 35,416 31,874 35,416 975,000 338,738 
Typical 30,989 29,218 30,104 675,000 302,445 
Worst 29,218 26,562 31,874 640,000 278,249 
Note: A2 = Pessimistic climate scenario and B1= Optimistic climate scenarios 
 
Table A. 9: Seasonal variability of current and extrapolated future prices for dry-season crops 
across five climate scenarios 
Scenarios Seasons Prices (BDT/tonne) 
Pumpkin Watermelon Maize Sunflower Wheat 
Current 
(2012-
2013) 
Best 5,250 4,500 17,500 55,000 25,000 
Typical 4,750 4,000 16,750 40,000 23,000 
Worst 3,750 3,000 14,750 35,000 20,500 
2030 A2 Best 7,767 6,657 25,640 70,259 40,589 
Typical 7,027 5,918 24,541 51,098 37,342 
Worst 5,548 4,438 21,611 44,710 33,283 
2030 B1 Best 7,392 5,632 26,128 66,968 32,905 
Typical 6,688 4,224 25,008 48,704 30,273 
Worst 5,280 6,336 22,022 42,616 26,982 
2060 A2 Best 12,208 10,464 40,004 93,000 68,099 
Typical 11,046 9,302 38,289 70,682 62,651 
Worst 8,720 6,976 33,717 61,846 55,841 
2060 B1 Best 11,172 8,512 41,353 88,088 46,855 
Typical 10,108 6,384 39,580 64,064 43,107 
Worst 7,980 9,576 34,854 56,056 38,421 
Note: A2 = Pessimistic climate scenario and B1= Optimistic climate scenarios 
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Table A. 10:  Prices of farm inputs in Shaheberabad and Uttar Kaminibasia 
Item Price/wage 
Labour wage (BDT/work-day): Male 200.0 
                                                   Female 160.0 
Fertilizer price (BDT/kg): Urea 20.0 
                                           TSP 24.0 
                                           DAP 32.0 
                                           MOP 20.0 
                                           Gypsum 12.0 
                                           Magnesium sulphate 150.0 
                                           Zinc sulphate 175.0 
                                           Lime 10.0 
                                           Farmyard manure  3.0 
Seed price (BDT/kg): Wet-season rice 30.0 
                                    Dry season rice  30.0 
                                    Early wet season rice 20.0 
                                    Watermelon 12,000-14,000 
                                    Pumpkin 1,200-1,500 
                                    Maize 2,50 
                                    Wheat 40.0 
                                    Sunflower 60.0 
Shrimp post-larvae (BDT/thousand) 5,00 
Irrigation cost for own pump (BDT/hour) 40.0 
Rental rate of irrigation (BDT/hour) 1,00 
Rental rate for ploughing crop fields (BDT/ha) 5,988 
Rental rate for ploughing shrimp gher (BDT/ha) 2,944 
Power threshers for threshing rice (rice kg/ha) 1,40 
Dry-season rental for leased-in land (BDT/ha) 11,227 
Wet-season rental for leased-in land (BDT/ha) 11,227 
 
 
 
360 
 
Figure B.1: Cumulative probability distribution (CDF) of net income of cropping systems under 
farmers’ practices based on pessimistic scenario (A2) yields and prices in 2030     
 
Figure B.2: Cumulative probability distribution (CDF) of net income of cropping systems under 
farmers’ practices based on optimistic scenario (B1) yields and prices in 2030  
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Figure B.3: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems under farmers’ practices based on pessimistic scenario (A2) yields and prices in 2030 
 
 
Figure  B.4: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems under farmers’ practices based on optimistic scenario (B1) yields and prices in 2030 
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Figure B.5: Cumulative probability distribution (CDF) of net income of cropping systems under 
farmers’ practices based on pessimistic scenario (A2) yields and prices in 2060    
  
 
Figure B.6: Cumulative probability distribution (CDF) of net income of cropping systems under 
farmers’ practices based on optimistic scenario (B1) yields and prices in 2060     
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Figure B.7: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems under farmers’ practices based on pessimistic scenario (A2) yields and prices in 2060 
 
 
Figure B.8: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems under farmers’ practices based on optimistic scenario (B1) yields and prices in 2060 
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 Figure B.9: Cumulative probability distribution (CDF) of net income per ha of cropping systems 
based on current prices and historical yields with adaptation 
 
 
Figure B.10: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems based on current prices and historical yields with adaptation 
 
 
365 
 
Figure B.11: Cumulative probability distribution (CDF) of net income per ha of cropping systems 
based on pessimistic scenario (A2) yields and prices in 2030 with adaptation 
 
 
Figure B.12 Cumulative probability distribution (CDF) of net income per ha of cropping systems 
based on optimistic scenario (B1) yields and prices in 2030 with adaptation 
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Figure B.13: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems based on pessimistic scenario (A2) yields and prices in 2030 with adaptation 
 
 
Figure B.14: Cumulative probability distribution (CDF) of gross income per work-day based on 
optimistic scenario (B1) yields and prices in 2030 with adaptation 
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Appendix B.15: Cumulative probability distribution (CDF) of net income per ha of cropping 
systems based on pessimistic scenario (A2) yields and prices in 2060 with adaptation 
 
 
Figure B.16: Cumulative probability distribution (CDF) of net income per ha of cropping systems 
based on optimistic scenario (B1) yields and prices in 2060 with adaptation 
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Figure B.17: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems based on pessimistic scenario (A2) yields and prices in 2030 with adaptation 
 
 
Figure B.18: Cumulative probability distribution (CDF) of gross income per work-day of cropping 
systems based on optimistic scenario (B1) yields and prices in 2060 with adaptation 
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HOUSEHOLD SURVEY QUESTIONNAIRE 
 
THE SUSTAINABILITY OF RICE-BASED CROPPING SYSTEMS 
IN COASTAL BANGLADESH:  BIO-ECONOMIC ANALYSIS OF CURRENT AND FUTURE 
CLIMATE SCENARIOS 
 
THE UNIVERSITY OF QUEENSLAND 
ST LUCIA, QLD 4067 
 
1. I Identification of the respondent? 
Household head’s name: __________________ Respondent’s name: ____________________ 
Village___________________, Upazila_______________, District:_____________________ 
HH farming experience:_____ years  Household: Large/Medium/Small/Landless (Circle) 
   Note: HH = Household head  
 
2. Land ownership, tenancy and land topography?                                  Area in (unit) decimal    
Land 
Category 
Total owned land Leased  land 
Rental charge (BDT/acre or % of 
crop paid in kind as rent) 
Self-
cultivate
d 
Rented/ 
mortgage
d out 
Share 
crop 
out 
Rented/ 
mortgage
d in 
Share 
crop 
in 
Dry 
season 
Early 
wet 
season 
Wet 
season 
Total 
for 
year 
High           
Medium-
high  
         
Medium-
low  
         
Low           
Homestead area total  Tree planted area  Fish ponds  
Note: High land= No inundation during monsoon, Medium-high land = 1-3 feet of inundation during 
monsoons, Medium-low land = 3-6 feet inundation during monsoons, Low land = 6-12 feet of 
inundation during monsoons 
 
3. What are the demographic features of the household? 
Household structure (those sharing the same kitchen when at home) and Off/non-farm activities  
Sl. 
no 
Sex 
 
Age 
(years) 
 Schooling 
(years) 
Occupation 
 Main Secondary
-1 
Secondary-2 Secondary-3 
1         
2         
3         
4         
5         
6         
Note: Sl. No = Serial number, Sex Code:1= Female, 2= Male,  
Occupation code: 1= Farming, 2=Agricultural  labor, 3= Other labor, 4=Petty  
trading/business, 5=Seasonal business (crop buying and selling), 6=Seasonal business 
 (fish buying and selling), 7=Fish catching and selling, 8=Rickshaw-van pulling,  
 8=Transporting of people by motorbike, 9=Employed (salaried), 10= Work as  household  
help, 9= housewife, 10= Student, 10 = Disabled, 11= Child (aged less than 6 years),  
12= Livestock rearing, 13= Poultry farming, 14=other (specify……………………) 
Note: Please use additional pages if the number of family members is more than 6   
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4. Can you please rank the five (first to fifth) major sources of household cash income?  
Source of income Importance 
Rice production  
Non-rice crops: Watermelon  
                         Pumpkin  
                         Vegetables (arable land, dike/homestead area)  
Fish  
Shrimp  
Trade and business  
Wages  
Salary/pension  
Remittances  
  
 
5. What were the off/non-farm activities of the household members during the last 12 months?  
   If any family members took part in off/non-farm activities during the past year, provide details 
Sl. no. of 
family 
members 
Particulars/ 
months 
Jan Feb Mar Apr Ma Ju
n 
Ju
l 
Au
g 
Sep O
ct 
Nov De
c 
1 Work-days             
Place of work             
Occupation code             
Wages/income             
2 Work-days             
Place of work             
Occupation code             
Wages/income             
3 Work-days             
Place of work             
Occupation code             
Wages/income             
S. no. = Serial number of member from question # 2, Code for occupation from question # 2, Place of 
work: 1=within own district, 2= another district within the country, 3= Foreign country. Note: Please 
use additional pages if number of off/non-farm working family members is more than 3 
 
6. Over the past 10-15 years, have you observed any direction changes in the following features relating to 
the climate and your agricultural environment? 
Major events Magnitude of the events 
Changes in the climate:  
  Summer temperature (March-mid-September) Increase/decrease/same/no idea 
  Winter temperature (mid-September-February) Increase/decrease/same/no idea 
   Duration of winter Increase/decrease/same/no idea 
  Rain during mid-December-mid-March  Increase/decrease/same/no idea 
  Rain during mid-March-mid-May  Increase/decrease/same/no idea 
  Rain during mid-May-mid-June  Increase/decrease/same/no idea 
  Rain during mid-June-mid-August  Increase/decrease/same/no idea 
  Rain during mid-August-mid-September  Increase/decrease/same/no idea 
  Rain during mid-September-mid-December  Increase/decrease/same/no idea 
  Drought in dry (November-February) season Increase/decrease/same/no idea 
  Drought in early wet-season (March-June) Increase/decrease/same/no idea 
  Drought in wet-season (June-October) Increase/decrease/same/no idea 
  Frequency and intensity of cyclones and storm surges Increase/decrease/same/no idea 
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Continued…. . Question number 6  
Changes in the agricultural environment:  
  Soil fertility Increase/decrease/same/no idea 
  Soil salinity Increase/decrease/same/no idea 
  Land topography and depth of canal Increase/decrease/same/no idea 
  Availability of fresh water for irrigation Increase/decrease/same/no idea 
  Drainage congestion  Increase/decrease/same/no idea 
  Local indigenous vegetation Increase/decrease/same/no idea 
  Inundation of  monsoon rice due to excessive rainfall Increase/decrease/same/no idea 
 
7.  What are the causes of the changes in the environmental conditions? 
Change Causes of change 
Soil fertility  
Soil salinity  
Water salinity  
Drainage congestion/water logging  
Land topography and depth of canal  
Lack of  irrigation  
Indigenous vegetation  
 
8. Can you please report major extreme weather events which have been substantially affected on-farm 
productivity and/or damaged household assets over the last 15-20 years? What were the major coping 
options (adaptive measures) you have undertaken in response to damage to crops and/or household assets by 
extreme weather events?      
Extreme weather events Affected farm enterprises  
and % of crop damage 
Major coping option to overcome the  damage of 
extreme weather events  
   
 
9. Over the last 10-15 years, what have been the major factors which contributed to variability of yield and 
the returns of farm enterprises in this village? Can you rank the factors according to their gravity on a five-
point scale (1 = least important, 5 = most important)? 
Major problems affecting  the productivity and profitability of farming Rank 
Productivity:   
Profitability:  
  
10. Over the past 10-12 years, have you adopted any farming adaptive measures to achieve farming 
objectives or improve family well-being and reduce farming risks, or to increase adaptive capacity in 
response to perceived and experienced changes in climatic conditions and environmental stresses Y/N? If yes 
(Y), please provide details the major agricultural adaptation strategies in each season, the drivers and benefits 
of adopting a given strategy, and the factors which facilitated or impeded the adoption of the strategies 
Adaptation 
options 
*If yes (Y) 
when and why 
(reasons for 
adoption)  
If never (N) or 
discontinued - 
why 
(constraints)? 
If continued -, 
why 
(advantages)? 
What factors 
facilitated the 
adaptation? 
What factors 
impeded the 
adaptation? 
Dry-season      
Early wet-season      
Wet-season      
Note: *If never adopted, move to the third and sixth columns 
 
11. Apart from the above farming adaptations, what are the major non-farming livelihoods adaptive 
adaptations which have been undertaken over the last 10-15 years? Please specify the reasons for adaptation    
Adaptation options Reasons for adaptation    
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12. Do you think residents of the village have to change the farming and non-farm livelihood activities over 
the next 10-15 years due to changes in the climate and environment? (Y/N): If yes (Y) provide details 
Dry-season cropping:  
Pre-monsoon cropping: 
Monsoon cropping: 
Off/non-farm activities  
 
13. What do you suggest to reduce the farming risks and livelihood vulnerability from changes in the 
climate and agricultural environment in the future?  
Measures  for reducing  productivity risks:  
Measures  for reducing  profitability risks: 
 
14. Area and production of major crops during the past three years, area in decimal units,  and yield in kg  
Crops 2011-12 2011-13 2013-14 (survey year) 2014-15 
Area Yield Area Yield Area Yield Area 
MV WS rice        
LV WS rice        
MV EWS rice        
Watermelon        
Pumpkin        
Shrimp        
Other vegetables         
 
15. Disposal pattern of the major farm outputs over the last 3-5 years  
 WS 
rice 
EWS 
rice 
Watermelon Pumpkin Other 
vegetables 
Shrimp 
% use for own consumption       
Number of months family can 
consume their own crop produce   
      
% sold  immediately after harvest       
% sold  three months after  harvest       
% sold  six months after harvest       
 
16. Do you cultivate vegetables in the home-yard/dike of the pond? Yes/No: If yes provides details about 
production (kg) and prices (BDT/kg) of the vegetables cultivated during the last 12 months.  
 Vegetables 
 Name  Production Price  Name  Production Price  
DS       
EWS       
WS       
 
17. What are the major advantages and constraints of the homestead/dike gardening? 
Major benefits or reasons for planting Major constraints or problems 
  
 
18. If not, what are the reasons for not cultivating vegetables on the dikes of the pond/home-yard? 
 
 
19. Did you culture fish in the home ponds? Yes/No:  If Yes,  provides details about production (kg) and 
prices (BDT/kg) of fish cultured in the ponds during the  last 12 months 
No. of 
ponds 
Pond-1 Pond-2 
Name  Production Price  Name  Production Price  
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20. What are the major benefits and constraints of aquaculture? 
Major benefits or reasons for adopting aquaculture  Major constraints or problems 
  
 
21. If not, what are the reasons for not culturing fish in ponds? 
 
 
22. Do you rear livestock? Y/N: If yes (Y), please provide following information in relation to the  last 12 
months  
Types of 
animals 
 
Number Value of product and by-products (BDT) Livestock 
sale 
(BDT) 
Young Adult Milk Poultry meat 
consumption   and sale 
Eggs Cow 
dung 
Milking cattle        
Beef cattle        
Sheep/Goats        
Poultry birds        
 
23. What are the major benefits and constraints of rearing cattle, goats and poultry? 
Major advantages or benefits or reasons for rearing Major constraints or problems related to 
rearing 
  
 
24. If not, what are the reasons for not rearing livestock? 
 
 
Costs and returns for major field crops 
1. Input use patterns of crops         
Items Quantity 
Name of crop  
Size of plot (decimal)  
*Labour for land preparation:  
      Family labour (man-days)  
      Hired labour (man-days)  
Power tractor plowing (Tk./acre)  
Fuel and labour in case of own tractor (Tk./plot)  
Laddering, if contracted (Tk./plot)  
Seed quantity (kg):  
    Home supplied   
    Purchased   
Seed price (Tk./kg)  
Seedling development costs, including fertilizer and labour (Tk.)  
Date of transplanting  
Labour for uprooting & transplanting:   
        Family labour (man-days)  
        Hired labour  (man-days)   
Uprooting cost, if contracted (Tk.)  
Transplanting cost, if contracted (Tk.)  
Uprooting & transplanting cost, if contracted (Tk.)  
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Continued…. . Question number 1  
          Items Quantity 
Fertilizer application (kg):    
                       Urea: Basal  
                               : 1st TD   
                               : 2nd TD   
                               : 3rd TD   
                                 USG  
                                TSP  
                                DAP  
                                MP  
                               Gypsum  
                               ZnSO4   
                              MgSO4  
Fertilizer transportation cost (Tk.)   
Labour for fertilizer application:    
   Family labour (man-days)  
   Hired labour (man-days)  
Cost of application, if contracted (Tk./plot)  
Code of purchased seed: 1= Other farmers seed, 3= BADC seed, 4= Private company seed 
*Indicates cutting border or making canal for irrigation  
Farmyard manure (kg/plot)  
Labour for carrying farmyard manure and application: (man-days)  
                 Family labour   
                 Hired labour  
Irrigation water application:  
     No. of irrigations  
     Cost of irrigation (Tk./plot)  
     Labour for irrigation (man-days):  
             Family labour  
             Hired labour  
    Labour for weeding (man-days):  
                          Family labour  
                          Hired labour  
Pesticides: first dose (ml/plot)  
                  2nd dose (ml/plot) or (kg/plot)  
                 3rd  dose (ml/plot) or (kg/plot)  
                 4th dose (ml/plot) or (kg/plot)  
                 5th   dose (ml/plot) or (kg/plot)  
                 6th dose (ml/plot) or (kg/plot)  
Labour for pesticide application:  
                          Family labour 
                          Hired labour 
 
Pesticide application, contract (Tk.)  
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Continued…. . Question number 1  
          Items Quantity 
Harvesting/Movement/Threshing:  
         Date of harvesting crops  
Harvesting and movement , if contracted (Tk.)  
Cost of harvest if contracted (Tk./plot)  
Threshing cost: (Tk./plot or rice /md)  
Labour for harvesting, movement  & threshing:   
   Family labour (man-days)  
   Hired labour (man-days)  
 Labour for drying and storage     
   Family labour (man-days)  
   Hired labour (man-days)  
   Production of crops and price  
This season:   
    Production (kg/plot)  
     By-products (kg/plot)                                                   
Good season:  
    Production (kg/plot)  
     By-product (kg/plot)                                                   
Normal season:  
    Product (kg/plot)  
     By-products (kg/plot)                                                   
Bad season:  
    Production (kg/plot)  
     By-products (kg/plot)                                                   
Average price mean (Tk./kg)  
High price (Tk./kg)  
Low price (Tk./kg)  
 
2. Prices of inputs and outputs  
Fertilizer prices 
(Tk./kg) 
Urea USG Gypsum TSP MOP DAP ZnSO4  
 
 
      
Organic 
fertilizer 
(Tk./kg) 
FYM Ash Poultry liter Pesticide (Tk/100 ml) Pesticide (Tk/kg) 
     
Wage rate:  Transplanting time Weeding time   Harvesting & 
threshing time 
Male (Tk./man-days)  
 
  
Female (Tk./man-days)  
 
  
 
THANK YOU VERY MUCH FOR YOUR COOPERATION 
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